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Preface 



The 3rd Suvretta meeting in January 2003 was intended to give an overview of the 
current use of meshes in hernia operations. After the first meeting in 1995 on Ingui- 
nal Hernia and the second on Incisional Hernia in 1998, the current congress was 
focused on the benefits and risks of hernia meshes, the reason being that meshes 
have more and more become the standard in open as well as in laparoscopic hernia 
operations. During the past 10 years new indications for the use of mesh as well as 
new types of mesh have been developed. Considerable experience with meshes has 
been published in the literature, including controlled trials of different results, dif- 
ferent techniques, and last but not least, case reports of complications. We there- 
fore felt it was timely and appropriate to hold a state-of-the-art meeting on meshes 
used in hernia curative procedures. 

During 3 intense working days which included presentations, demonstrations, 
and extensive discussions, the current role and the future potential development of 
artificial mesh implants were discussed by both traditional and laparoscopic sur- 
geons. The most renowned hernia specialists of the world came together to discuss 
the use of meshes relating to construction, material, technique, experimental stu- 
dies and clinical results. Each participant was invited to give a special talk on his 
favorite subject for discussion among the attending specialists. Presentations and 
discussions held at the meeting are represented in this book and show the lively 
exchange. At the end of the congress there was a general questionnaire given to the 
participants, and the results are published at the end of this book. 

In conclusion, this book represents the most up-to-date and broad collection of 
knowledge on meshes in current hernia repairs. We hope the publication will help 
the general surgeon to orient himself in his daily work and lead to new questions, 
experiments, or studies. This book will increase our knowledge in many aspects of 
our hernia work, as well as give the use of mesh a better clinical and scientific base. 

We are grateful for all the contributors and coworkers for their excellent con- 
tributions. We thank the publisher for the rapid publication of our work. We are 
indebted to the sponsor for making this meeting possible without directly promo- 
ting specific products. We hope that the surgeon after reading this book will know 
better when, why, or why not to use mesh today or in the future. 



Volker Schumpelick, Lloyd M. Nyhus 
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I The Problem: 

How to Treat a Hernia 




1 Have We Defeated Hernia Recurrence in 
the Groin? An Epidemiological Approach 

L. M. Nyhus 



Introduction 

My assigned comment is a problem. Yet when combined with the question of her- 
nia treatment as practiced today, an interesting point of view evolves. 

The flood of new (and not so new) concepts relative to operative approaches 
and technical variations highlights many of our problems. Added to this, the era 
of interest in prosthetic materials (with or without hernia repair) has clouded 
our perspective. Will our detailed review during the next few days guide us 
toward or away from the plethora of materials and methods which may or may 
not be useful or possibly harmful? 



What Are the Facts 

Yesterday 

During the first half of the 20th century, the recurrent rate for repair of primary 
hernias was over 10% and for repair of recurrent hernia was as high as 35%. My 
observations from a nearly 50-year time frame place the modified Bassini of 
Shouldice and the anatomically correct Cooper ligament repair of McVay 
(Lotheissen) as the first to decrease this unacceptable recurrent hernia rate sig- 
nificantly. Although seeming self-serving, our anterior iliopubic tract (Condon) 
[1] and posterior iliopubic tract (Nyhus) [2] repairs have been similarly 
excellent in curing groin hernias. Greenburg [3] and Papadakis and Greenburg 
(4) have confirmed this important observation. In certain unusual circumstances 
the Stoppa [5] giant prosthetic reinforcement of the visceral sac (GPRVS) is effec- 
tive. 

Secondary morbidity for these specified procedures is inconsequential. The 
highlighted techniques must be considered today for repair of large direct, indirect 
and, recurrent groin hernias, i.e., types IIIA, IIIB, and IV of our classification [6]. 



Today (2002-2003) 

The surgical literature is filled with other operative approaches and methods to 
attempt the cure of hernias. Many of the presentations at this conference will 
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I The Problem: How to Treat a Hernia 



cover these modalities. Yet allow me to make a few preliminary and, hopefully, 
pertinent remarks. 

Classification 

It is imperative that the surgeon be facile with classification methods. We have 
stressed the necessity for preoperative determination of hernia type [6]. If the sur- 
geon awaits visualization of the groin hernia detail in the anterior open wound, 
the opportunity for use of a posterior approach and its clear benefit in given set- 
tings is lost. For example, I believe that small indirect inguinal hernias (types I 
and II) and femoral hernias (type IIIC) may be repaired with suture to the appro- 
priate fascial structure without the need for use of prosthetic materials [7]. 

The Use of Prosthetic Mesh in Groin Hernia Repair 

The wave of enthusiasm for the use of prosthetic materials continues unabated. 
Schumpelick [8] has indicated that with »more than 100 different mesh devices 
currently available and more than a dozen different techniques, it becomes more 
and more difficult to define the best way to treat our patients.« It is of interest 
that there is a time-honored truism in our beloved field of surgery - the more 
types of operative procedures for a given problem, the less effective each is. This 
is becoming a part of the modern hernia treatment saga! 

I have noted that recently (this course included) more and more time is given 
to the diagnosis and treatment of wound complications, particularly as related to 
the use of mesh. We are developing a new vocabulary with a serious connotation 
such as »inguinodynia« [10]. Foreign-body reaction in the tissue adjacent to the 
mesh has been alluded to as another negative factor. DeBord [10] and Schum- 
pelick et al. [1 1] have clearly reviewed the panorama of prosthetic mesh usage in 
hernia repair. Current scholars of this subject must be fully knowledgeable in all 
the pros and cons of these materials, outlined so well in the above references. 



What of the Future? 

It is apparent that I have left out a number of current popular operations in this 
review. I consider all or most still in the developmental phase and the »tincture of 
time« remains essential before we can accept or reject their role. Fortunately, 
many colleagues in this symposium will cover the pros and cons of their techni- 
ques. We will be particularly alert to the latest positions relative to: mesh and the 
»tension-free« repair; the potential of the plug repairs, and the laparoscopic 
approaches (so-called minimally invasive) for preperitoneal hernia repair. 



A Word of Caution 

Are we participating in »innovative surgery«? Are we fully aware of ethical regula- 
tions each time we approach our patients with new concepts that may or may not 
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in the short or long term be helpful or, indeed, harmful? Increasing concern in 
centers of biomedical ethics is seen as evidenced by a recent publication [10] ent- 
itled, Ethical Regulations for Innovative Surgery: the Last Frontier? We must take 
seriously final conclusions of this presentation, i.e., »the current system of defini- 
tions, ethical theories, and voluntary professional guidelines may be inadequate to 
meet the challenge of surgical intervention, « and »the rules that should govern 
innovative surgery and surgical research have long subsisted in an unchartered 
frontier of medical ethics* The time has come to advance to that last frontier.« 

Hopefully, these neatly expressed sentiments will play an important role in our 
continuing search for the very best way to serve our patients. 
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Discussion 



Schumpelick: Do we have to operate every hernia? 

Nyhus: In the US, because of finances, I think the an.swer is »yes«, but of course 
not, I like the British approach, because - Kingsnorth can correct me on that - 
they are very slow in approving the repair of direct hernia because the chance of 
them having incarceration and complication is very small; but in general, they do 
approve of essentially all patients with indirect and femoral hernias. 
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Read: I would like to ask again if we have to operate all hernias. There is a big 
study in the US, which is supported by the American College of Surgeons, in 
which a prospective randomized group of patients is being studied in regard to 
whether a hernia should be operated on in all instances. One of the leaders in this 
study is Fitzgibbons, Nebraska, and we shall learn about this interesting question, 
which is answered by Dr. Nyhus. 

Deysine: I would like to remind the audience that in spite of all advances of surgi- 
cal treatment, the mortality of a strangulated hernia is still between 15 and 20% 
today, even in the best hospitals. I still don’t know whether the hernia of my pati- 
ent will incarcerate or not, but if it is incarcerated, the mortality is high. 

Basso: To the question, which hernia we should operate, we should ask as well, 
where - in which geographical area - the hernia is located: Europa, Asia, Africa. 
When we talk about medicine, we are talking about medicine concerning 1 bil- 
lion people, but 5 billion people are outside. 

Schumpelick: How would you answer this question for Italy; south and north are 
different? 

Basso: Of course, Italy has different areas, so I would give the same comment. 

Nyhus: I respect your point, but I don’t think that we in this group should spend 
a lot of time dissecting out what is the best approach in Bombay. We have to look 
at it in terms of the most proper and excellent way to do things, and then the peo- 
ple can go forword from this. 

Franklin: A considerable number of patients are retired or not at all active any 
longer. The rate of incarceration is very low, <2% per patient and year, and when 
there are cardiac risks or others with increased risk for anesthesia, there are 
groups of patients who probably won’t profit from an operation. We as surgeons 
have to sort out this group and not just see a hernia and say: well a nice hernia 
that has to be operated. I think we have to tailor each individual patient by his 
life-style, how fast the hernia has developed, how far it is gone, and tell those 
patients, that yes, there is a chance of strangulation, and if this hernia starts to 
show some symptoms, every conservative treatment has to be reconsidered. We 
really have to remember the tailored approach. 

Schumpelick: Is the definition of a hernia clear? Sometimes I have the impression 
that - particularly from the laparoscopies - every open peritoneal processus is 
regarded as a hernia, and others say we should make the definition by ultraso- 
und; others say, it is a clinical definition. What is the definition of an inguinal 
hernia? 

Nyhus: I don’t quite understand the question. The definition of a hernia to me 
means you hear the history and make the physical investigation with a defect in 
the inguinal wall, and then you already know what to do. Of course, the differen- 
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tiation at the time, between indirect and direct is not easy. I do think it is easy to 
differentiate a femoral hernia. 

Schumpelick: Is hernia a clinical entity or is it an ultrasound finding? 

Nyhus: Oh no, it is a clinical thing. Whafs this ultrasound nonsense about? Good 
gravy? I am a cutting, examining doctor. I don’t like this ultrasound nonsense. 

Schumpelick: But you like laparoscopy? 

Nyhus: I will get into that later. I don’t want to give all my pearls away already this 
morning. 

Bendavid: There is no need to differentiate between direct and indirect hernia at 
all. I have never understood why it is done. We are all wrong doing this. 

Nyhus: I told you the whole nation of Great Britain feels it very important 

Kingsnorth: The differentiation between direct and indirect hernia is impossible. 
If you put experts together and ask them to decide whether it is a direct or indi- 
rect hernia, you probably will have a 60% success rate, that is only little better 
than tossing a coin. I want to make a comment about their diagnosis of hernia. 
For instance, we talked about recurrent hernia. You have a patient with pain after 
primary hernia repair, and you can’t clinically feel a lump. If you do a hernia trial 
you often have to decide whether this is a recurrence or not. In these cases, an 
ultrasound investigation is very useful, and if the laparoscopists see an open 
peritoneal processus on the other side, this is due to the definition of a hernia ! 
We have a big study published last year, looking at the fate of contralaterally seen 
open processus vaginalis, that were treated in only half of the patients. In the 
group that were not treated, approximately 30% developed a hernia within 2 
years. Therefore we have to accept that, besides the clinical findings, if there are, 
e.g., radiological signs, we have to talk of a hernia. 



1.1 United Kingdom 

A. Alani, P.J. O’Dwyer 



Introduction 

Population-based studies indicate that the rate of operation for recurrence 
following repair of a groin hernia may be as high as 8-16% [1, 2, 3]. These studies 
use operation for recurrent hernia as a marker of recurrence rates and may 
underestimate the true value by as much as 50% [4]. Nevertheless, from a Health 
Service perspective, such studies are important as they give information on 





8 



1 The Problem: How to Treat a Hernia 



trends in recurrence rates. Thus population-based studies should be useful to 
assess the impact of any change in the method of hernia repair on recurrence 
rates. We have performed two audits of groin hernia repair in Scotland with an 
interval of 2 V 2 years between the audits. The aim of this study is to compare the 
number of operations performed for recurrence between the two time periods. 
As these data rely on accurate operation notes, we have also looked at a prospec- 
tive series of groin hernia repairs performed in our own unit to examine the 
accuracy of operating theatre records for recurrent hernia. 



Patients and Methods 

Patients and methods of both of these studies have been outlined in detailed else- 
where [3]. Briefly the first study was carried out between 1st April 1998 and 31st 
March 1999. All patients in Scotland (population 5.1 million) undergoing hernia 
repair were identified from diagnosis and procedure codes and individual case 
notes were retrieved to obtain information on the type of repair performed and 
the number of repairs for recurrence. 

The second audit was carried out between October 2000 and September 2001. 
Information was gathered on these patients prospectively through surgical secre- 
taries or other health care workers at the time of hernia repair, and therefore any 
inaccuracies that may have occurred in relation to coding in the first audit should 
have been eliminated. Finally, as the number of patients operated on for recur- 
rence relies on the correct entry on operation notes, we compared prospective 
data from patient interview and database entry on patients operated on between 
January 1994 and April 1997 with their entry on operating notes and in the ope- 
rating room log book. 



Results 

In the first study, a total of 5506 patients underwent repair for groin hernia which 
represented 97.5% of all hernias repaired in the Health Service in Scotland 
during that year. In the second study, data were obtained on 2856 patients, which 
represented about 60% of all patients undergoing hernia repair in that year. Pati- 
ent characteristics and demographics for both studies are shown on Table 1. The 
only significant changes in practice that took place in the 2.5-year period was a 
reduction in the number of patients that were administered DVT prophylaxis 



Table 1, Demographic details 



«« 


H9I 


7m 


Men 


5124 (93%) 


2599(91%) 


Women 


382 (7%) 


257(9%) 


Age 


60 (46-7U 


60(44-72) 
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Table 2. Operation type 




1998 


2001 


Open mesh 


4677 {mn) 


2506 («7.7“.i) 


Open non mesh 


600(ll“b) 


257 (9«o) 


Laparo^tcopic 


229(4*'4 


93 (3.3%>) 


Table 3. Type of anaesthesia 




1998 


2001 


General 


46S6 (84.6%) 


2595 (83.8%) 


Spinal 


486 (8.8%) 


256 (9%) 


Epidural 


15 (0.27% j 


8(0.28%) 


Local 


338(6.14%) 


199 (7%) 


Table 4. Antibiotic and OVT prophylaxis 






1998 


2001 


Antibiotic Yes 


3915(71%) 


1974 (69%) 


No 


1589(29%) 


882(51%) 


DVT Yes 


2554(46.5%) 


507(17.7%) 


No 


2950(55.5%) 


2349 (82.2%) 


Tables. Principal surgeon 




1998 


2001 


House Officer 


101708,5%) 


455 0 5.9%) 


Staff grade 


361 (6.5%) 


289(10,1%) 


Associate Specialist 


169(5%) 


39(13.6%) 


Registrar 


1802 (33%) 


1007(35.2%) 


Consultant 


2157 (59%) 


1068(37.4%) 


Table 6. Hernia type and recurrence 






1998 


2001 


Primary' inguinal 


5225 


2541 


Recurrent inguinal* 


446 (7.8%) 


220 (7.9%) 


Primary' femoral 


229 


92 


Recurrent femoraP 


6 (2-5%) 


3 (3.2%) 



“I'Xpressfd as a percentage ot all hernias repaired. 
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(Tables 2-6). Also the percentage of cases operated on as a day case increased 
from 21.5% in 1998 to 35.8% in 2001. 



Accuracy of theatre listings 

Between 1994 and April 1997 379 patients underwent repair of a groin hernia in 
our unit as part of a prospective study evaluating laparoscopic hernia repair 
[5]. Operating lists and notes were available for all patients. Sixty (15.8%) had a 
recurrent hernia, of whom only 35 (58.3%) were recorded as such in the opera- 
ting log books or operating lists. A further 5 (8.5%) were identified as repair of a 
recurrent hernia from the operating note dictated in theatre immediately after 
the operation. Of the 60 patients with a recurrent hernia only 3 (5%) had a pre- 
vious mesh repair. The median interval between the first repair and operation for 
recurrence was 10 years (range 2 months to 71 years). 



Discussion 

Results from two audits separated by 2 years indicate that the rate of operation 
for recurrent groin hernia in Scotland has remained stable at around 8%. In the 
first audit information was obtained in over 97.5% of all groin hernias operated 
on in the Health Service in Scotland. The low level of recruitment (60%) to the 
second audit reflects the prospective nature of the study in that it was heavily 
reliant on volunteers who had other full-time jobs getting the patient informa- 
tion to the coordinating centre once the individual was admitted for operation. 

The low level of operation for recurrent hernia in the Scottish audits compa- 
red with other national audits [2, 3] had raised the possibility that this could be 
related to the high level of mesh repair in the country. Alternative explanations 
included the high percentage of repairs that were performed or supervised by 
senior surgical staff. The finding in the current study that at least 33% of repairs 
for recurrence are not recorded as such raises a third possibility. Although this 
only examined practise in one unit there is no reason to believe it is not a com- 
mon error in other centres as well. Extrapolating from this it is likely that the rate 
of operation for recurrent hernia is significantly higher than population-based 
studies might suggest. For example, in Scotland the rate of operation for recur- 
rent hernia is more likely to be 12% than 8%. 

Although short-term follow-up studies of mesh repair are encouraging [6], it 
is still not possible to predict what might happen in the long term. The long 
median time to recurrence after non-mesh repairs (10 years in our study) would 
indicate that it might take at least that long to observe any impact of mesh repair 
on the rate of operation for recurrent hernia in population-based studies. These 
studies underestimate the rate of operation for recurrent hernia and correction, 
for this should be made by prospective interview of an appropriate subset of 
patients at the time of audit. 
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Discussion 



Kingsnorth: In the days of suture repair, the recurrence rates remained constant 
at about 15%. Since then, there is increasing use of mesh repairs. Can you already 
estimate the course of the recurrence rates in the next years? 

O'Dwyer: The problem is, we have no idea what the portion of the recurrence 
of a mesh-type repair is going to be like, and that means, we really have to 
make population-based studies for many, many years. We probably should 
look in Scotland about a decade from now, supposed to be 3 years from now. 
That might give us good information if there is a continuing decrease further 
to 12% that may be detectable. You know, we are going to repeat a constant 
number for recurrence. My rate hasn’t fallen in 14 years and has still remained 
the same. 

Deysine: Just to make you feel belter, 1 tried to do the same. In the US 1 contacted 
the government agencies that are supposed to provide the data. I got the data for 
primary hernia, but it was impossible to get data about recurrent hernia. After 
1 V 2 year trying CDs, loading them on the computer, but all in vain, I stopped 
trying. In the US, there are no data available. 

Read: I have two questions. It seem that you include the instance of a second her- 
niation, probably of the contralateral side. The second part is, in your data there 
was a graft about the instance of primary femoral herniation, operated upon, bet- 
ween 2000 and 2001, with a drop of about 15%. 1 wonder whether this was a que- 
stion of misdiagnosis? 

ODwyer: As I said, the reason for the drop in numbers was related to the pros- 
pective nature and the reliance of the volunteers to provide information, and of 
course, the information about elective hernia. As you know, one third of our her- 
nias are admitted as emergency, they are not there. It is very difficult on a popula- 
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tion basis to get good data. You know about bilateral hernias. The reason we 
haven’t just bilateral hernias is that in some percentages the bilaterals have pri- 
mary on one side and recurrent on the other, and there is no way how we can tell 
this. So the most precise data we have are taken as a percentage of all hernias. I 
agree we are talking about a percentage of all patients, but there is no way to 
separate this out; but all I have said is a little bit higher the 8%. It is going to be 
12% plus X, rather than 12% minus x. 

Gilbert: In your slides, you mentioned the postoperative complications and the 
very little use of local anesthesia. There is a learning curve for local anesthesia as 
well; but if you choose local anesthesia, you can reduce the rate of missed hernia, 
you can secure the repair by the use of local anesthesia. Furthermore, you can 
check the strength of the repair by telling the patient to cough. A second aspect 
deals with the recurrences. From my 40 years’ experience in the groups of 464 
patients with recurrent hernias, what we learned asking the patients, was when 
the recurrence occurred, there were many with recurrences after some years, but 
we have to exclude those who had had an infant repair. Usually our recurrences 
after mesh repair seem to occur within 6 months, and those which were done 
laparoscopically even after 2 months. 

O'Dwyer: There are failed repairs and there are recurrences. In the laparoscopical 
repair these early recurrences within the first 2 months are failed repairs, but it is 
just the same with the open mesh. It just takes a little longer to take this painless 
swelling and to realize, that this swelling is not a hematoma but a recurrence, but 
these are probably only 1-2% of all recurrences. But if you exclude too much, 
then we will not really know what is going to happen long-term, and that is what 
is going to be interesting with mesh repairs, whether we will see the same course 
of the development of recurrences as we know from our nonmesh repairs with 
recurrences after up to 20 years. 

Nyhus: Mr. O’Dwyer. I am a little bit concerned going back 30 or 40 years, because 
the evolution of our treatment changes so much. You really cannot compare the 
recurrences from 30-40 years with today. Another point I should like to make is, 
very little epidural anesthetic is used and I believe it wonderful for hernia repair. 
The patients can still wiggle, cough, and do all these things. It is just a problem 
for the anesthesiologist, as it is somewhat harder for him to do it properly. I think 
we should as surgeons insist more upon hernia repair done under epidural than 
spinal or general anesthesia. 

O'Dwyer: I think we should be comfortable with local; but not many surgeons 
are, though obviously you can do the same things with local anesthesia. Every 
surgeon should be trained to do it under local and under general, which, howe- 
ver, are quite different. The question regarding the long term, so our present defi- 
nitions say, is that if you get another hernia even 20-40 years after primary ope- 
ration, this is a recurrence. Though our definitions are somewhat blurred, we 
should continue to regard all these as recurrences. 




1.2 Denmark 



H. Kehlet, M. Bay-Nielsen 

Introduction 

After many years of debate between hernia surgeons about the choice of optimal 
technique for repair of an inguinal hernia, meta-analyses from plenty of rando- 
mized studies have concluded that the open mesh repair after Lichtenstein leads 
to significantly fewer recurrences than conventional open repairs (Bassini, 
McVay, Shouldice) [1]. Furthermore, the studies have so far not demonstrated 
any superiority between the Lichtenstein repair and the laparoscopic approach 
[2]. For all other types of repair there is not enough evidence from randomized 
clinical studies to allow conclusions and recommendations. 

The technique and the positive results of the Lichtenstein mesh repair have been 
described in detail by the inventors [3] and we as hernia surgeons have therefore 
hoped that we have finally defeated the recurrences after groin hernia repair. 

Although the evidence from randomized studies is firm regarding choice of 
optimal technique, it should be emphasized that randomized studies are usually 
performed by surgeons with a special interest in hernia surgery. Therefore, these 
results may not be generalizable to the overall surgical community. 



The Danish Hernia Database 

Due to the unique registration of all citizens in Denmark with personal numbers 
and a central registration of all operations and hospital admissions, it was reali- 
zed that between 15 and 20% of operations for a groin hernia was for a recurrent 
hernia. A group of surgeons, with approval from The Danish Surgical Society, 
therefore in 1997 decided to establish a nationwide registration and collaboration 
between surgeons operating groin hernias in Denmark. Registration in the data- 
base started on January 1, 1998. The data collection process is based on a single, 
simple form containing information on operative procedure, type of anesthesia, 
operative findings and whether the operation was for a recurrent hernia. The 
form is completed by the surgeon immediately after the operation and is mailed 
to the central database secretariat. Here, all data processing is performed in a PC- 
based system using semi-automatic optical scanning and verification of the 
received registration forms [4]. The follow up is performed electronically (i.e. 
registration of a new hernia operated on the same patient, on the same side wit- 
hin the database) and includes validation of the registration process by use of the 
National Hospital administrative system, where basic information of all hospital 
contacts in Denmark is registered. The database function also includes two 
annual meetings where topics of interest within hernia surgery are discussed, as 
well as specific projects within the database collaboration being discussed and 
implemented. The results from the first years, including 26304 hernia repairs, 
have been reported previously [5]. 
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Flg.l .Use of operative technique for groin hernia repairs in Denmark 1998-2002 (n = 48 012, 
includes all groin hernia repairs, inguinal and femoral and elective and acute) 



During the period from January 1, 1998 to June 2002, 48 012 hernia repairs have 
been registered in the hernia database. Within the collaboration in the hernia 
database and the continuous discussion on choice of technique, the use of the 
Lichtenstein mesh repair has increased from 33 to 68% (Fig. 1). At the same time, 
the database collaboration has included a discussion and agreement on the tech- 
nique for Lichtenstein repair (which was performed differently in many surgical 
centers, despite having the same name!). The agreement in technique followed 
the recommendations from the Lichtenstein Institute [3]. The use of other repairs 
(plug, onlay mesh etc.) is still decreasing in the country, while the use of a lapa- 
roscopic repair is constant, about 5% (Fig. 2). 




Fig. 2. Use of operative technique for groin hernia repairs in Denmark 1998-2002 (n = 48 012, 
includes all groin hernia repairs, inguinal and femoral, and elective and acute) 
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reoperation rate 




Fig. 3. Re-operation rates after elective repair of a primary inguinal hernia in Denmark in 
three different periods between 1998-2002. Re-operation rates significantly lower (p < 0.05) in 
the periods July 1999-December 2000 and January 2001 -June 2002, compared to January 
1998-June 1999 

Parallel to the increased use of the Lichtenstein repair, the recurrence (re-opera- 
tion) rate has fallen significantly from 1998 to 2002 after repair of an elective, pri- 
mary inguinal hernia (Fig. 4), but without further improvement within the last 2 




Fig. 4. Re-operation rates (Kaplan-Meier estimates) after elective repair of a primary inguinal 
hernia in Denmark 1998-2002 (n = 36 356) 




16 



I The Problem: How to Treat a Hernia 



reoperation rate 




0 6 12 18 24 30 36 42 48 54 

months 



Fig. 5 . Re-operation rates (Kaplan-Meier estimates) after elective repair of a recurrent inguinal 
hernia in Denmark 1998-2002 (n = 6912) 

years (Fig. 3). There is still a significant re-operation rate after repair of a recur- 
rent hernia (Fig. 5). However, the positive results from the Lichtenstein technique 
apply to both primary and recurrent inguinal hernia repair, and where conven- 
tional open suture repairs have a significantly higher re-operation rate (Fig. 4 and 
5). So far, there is no relevant difference in re-operation rates between the Lich- 
tenstein repair and the laparoscopic repair (Fig. 4 and 5). 

Discussion 

From the nationwide results in Denmark based upon the Danish Hernia Data- 
base collaboration now including 48 012 hernia operations, it is clear that we 
have improved, but not defeated, the recurrence rate. The significant improve- 
ment has occurred parallel to the increased use of the Lichtenstein mesh repair. 
However, despite educational sessions within the database collaboration on the 
optimal technique of the Lichtenstein repair, there is still a significant re-opera- 
tion rate amounting to about 2% per year, even within the last 1-2 years after the 
remarkable improvement within the first 2 years of the database collaboration 
(Fig. 3). The positive results from the many randomized studies and meta-analy- 
ses [1, 2] therefore do not entirely reflect what is going on in the general surgical 
community, at least not in Denmark. 

In order to further investigate the pathogenesis of recurrences after the Lich- 
tenstein repair, a joint collaboration between the Danish and Swedish Hernia 
Database analyzed the surgical notes during repair of a recurrent hernia after a 
previous Lichtenstein repair [6]. As originally suggested by the Lichtenstein Her- 
nia Institute from a very limited number of patients with recurrence [3], our 
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large material obtained from 13 335 Lichtenstein operations confirmed that 
medial recurrences were responsible for about two thirds of the recurrences and 
that about 13% were due to a femoral (overlooked?) hernia [6]. Therefore, in 
order to further improve the results after the Lichtenstein mesh repair, more 
detailed attention has to be paid on the medial fixation of the mesh, as emphasi- 
zed by Amid and coworkers [3]. Hopefully, these educational efforts will improve 
the recurrence data within the Danish Hernia Database Collaboration. 

As the definition of a »recurrence« in the groin includes a re-operation for a 
femoral hernia in a patient previously operated for an inguinal hernia, we analy- 
zed the »femoral recurrences« after previous inguinal hernia surgery [7]. From 
these results in a total of 33 445 operations, it was realized that the femoral 
»recurrences« occurred much earlier than inguinal recurrences and with a 15- 
fold higher incidence than operation for a »spontaneous« femoral hernia, sug- 
gesting that the femoral »recurrences« represented overlooked hernias at the pri- 
mary operation. Previously, various hernia authorities have recommended the 
search for a femoral hernia during an operation for an inguinal hernia, although 
there is no general agreement [7]. However, possible »overlooked« femoral her- 
nias represent only about 10-15% of the recurrent hernias after previous ingui- 
nal hernia surgery [7]. 

As seen in Figure 6, the total number of operations for a recurrent hernia has 
slightly declined in Denmark, as a result of change in surgical technique and the 
discussions on optimal technique of repair. However, the reduction in the num- 
ber of operations for a recurrent hernia is only slight (Fig. 6), probably due to the 
fact that most of the recurrences are in patients operated for an inguinal hernia 
before the establishment of the Danish Hernia Database, and it will take several 
years until the overall re-operation rate for a recurrent hernia decreases signifi- 
cantly in Denmark. 




Fig. 6. Percentage of groin hernia repairs done for a recurrent hernia in Denmark 1998-2002 
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In conclusion, we have improved, but not defeated, the recurrence in the groin, 
based upon nationwide data from The Danish Hernia Collaboration^ registering 
>98% of hernia operations in the country. A part of the explanation is the conti- 
nuing use of traditional, open sutured repairs (Figs. 4 and 5) and also the higher 
re-operation rate after an operation for a recurrent hernia, despite the use of a lapa- 
roscopic repair or the Lichtenstein mesh repair (Fig. 5). An emphasis on continuous 
and intensified education to optimize the technique of repair is necessary, since 
about two thirds of the recurrences are medial, i.e.,due to suboptimal fixation of the 
mesh. The data from the Danish [5] and Swedish Hernia Database [8] emphasize 
that an epidemiological approach is important to assess the quality of hernia repair, 
since the literature based on randomized clinical studies performed by surgeons 
with a specific interest in hernias may not relied the overall nationwide results. 
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Discussion 



Schumpelick: Congratulations on this excellent data base in your country. How 
did you standardize the various operation techniques? 

Kehlel: By discussing them. Of course, we could not go out to control if every- 
body is following it, but wc agree on every step in the procedure. It took 1*/, hour 
of intense discussion until we agreed. It is open as to whether all are following it, 
but we are continuing this discussion and hopefully we can improve. 

Bendavid: T do want to point to the fact that the femoral problem is far more 
serious than has been shown. Certainly from the statistics of the Shouldice Hos- 
pital I know 750 cases which are responsible for 2/3 of the recurrences! Approxi- 
mately 50% of all the femoral hernias at this institution are actually recurrences. 
Unfortunately, statistics of femoral hernia are included in general statistics, being 





Chapter 1 .2 Denmark - H. Kehlet, M. Bay-Nielsen 



19 



one of the big mistakes. I disagree that the recurrence is not affected by the type 
of repair. Actually, this may have been so before the introduction of meshes. Since 
the meshes I feel that really the only area where someone can argue is that the 
femoral hernia can be cured without meshes. Even in times where we already 
used meshes as the standard, we saw recurrences in about 6% of the cases. I have 
no hesitation recommending mesh in all femoral hernias. 

Kehlet: We also agree on that. I didn’t show the femoral hernia data. It is distur- 
bing in Denmark. We have very high recurrence rates with femoral hernias and 
there is no difference between types of repair. We have agreed that these also 
should have a mesh, but if it is found at a secondary operation it is a plug. We are 
collecting these data now, but I didn’t have time to show them. I should like to ask 
you whether you always look for femoral hernias in the Shouldice clinic at the 
beginning since you had so many recurrences? 

Bendavid: The Shouldice repair includes an absolute search for all hernias. The 
splitting of the inguinal canal is the most important step of the Shouldice repair 
and therefore you cannot miss the femoral hernia. 

Kehlet: It is interesting that the femoral recurrences occur so early, much earlier 
than the inguinal recurrences. 

Muschaweck: I cannot agree that we have to eliminate the suture repair. If we look 
at our patients re-operated for recurrence after suture repair, only 20% have had 
a right Shouldice, all others had an intact posterior wall. I think the recurrence 
rate is because of the wrong technique. If the Shouldice technique is done correc- 
tly it is as good as the tension-free repair. 

Kehlet: I am sorry, I have to disagree. We can continue to discuss the case if you 
are correct or incorrect for the open repairs. All randomized trials and the meta- 
analysis have shown that it is the worst technique. We have no time to show here 
but if we look at the type of hernias, there is no difference between the results. I 
think we should forget about the open techniques; those people who do them 
cannot manage to get the same results as with the mesh repairs. 

Schumpelick: Does this mean you don’t find differences between age, gender and 
location? 

Kehlet: No, I cannot find arguments for choosing your technique, even not the 
young male with a small direct hernia. I think pain is the only issue here, and 
there is no difference between pain and type of repair. 

LeBlanc: All of these points are important, but in the future it will be the main 
question of what mesh technique we are talking about, Lichtenstein, Ugahary, 
PHS, TAPP, or TEP, the inguinal or preperitoneal meshes. 

Kehlet: I totally agree. I have so little time to present all these details. 
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Simmermacher: I have two points to mention. I think we have to consider how to 
educate our residents later and whether we should establish some sort of hernia 
institution telling the people how to do so. The second point is, we may agree in 
this very room how we should operate upon hernia, but how big is our power to 
convince our fellow surgeons at home? Because we have hernia guidelines but we 
cannot oblige our fellow surgeons as we want. We should discuss how we can con- 
vince other people to act as we want. 

Read: Dr. Amid seems to be arriving here and we might ask for a comment. Last 
year, he wrote a paper in which he outlined his ideas how he could avoid failures, 
despite the minimum amount of recurrences the Lichtenstein repair produces 
and is associated with. During all the discussions he didn’t mention looking for 
femoral hernias. So does he look for femoral hernia during the Lichtenstein ope- 
ration or does he not? In the original operation Lichtenstein described in 1984 it 
was routine that he looked for femoral hernia and made a small incision in the 
transversalis fascia. We may ask Dr. Amid today, whether it is still like this. 

Arriid: Looking for a femoral hernia is an absolute necessity in every patient, 
made by a small incision. 



1 .3 Sweden 

Agneta Montgomery 



The answer to this question is of course . . . No. The next question to be asked is: 
Can we defeat the recurrence in the groin? . . . and if . . . is this the main or only 
problem to be solved? 

Many attempts have been made, especially in the past decade, to decrease the 
recurrence rate in inguinal hernia surgery. Studies from individual surgeons and 
specialized hernia centers report excellent results with recurrence rates as low as 
1-4% [1-5]. However, regular surgical units report recurrence rates of 10-25% 
[6-8]. There is also great discrepancy between different studies (dealing with recur- 
rences as an end point) regarding follow-up time, clinical type of examination and/ 
or questionnaire investigation and the percent follow-up rate, making studies dif- 
ficult to compare. We all know that to study and register per se reduces the recur- 
rence rate. Bottom line is that we do not really know the true recurrence rate in a 
community setting (where most patients are operated). 

There are two important meta-studies reported in 2002 by the EU Trialist 
collaboration. One compares mesh versus non-mesh repair [9]. A total of 20 rando- 
mized studies were identified including 5016 patients. By using a mesh for open 
repair, the recurrence rate was lowered by 50-75% compared to open suture 
repair. 
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The other study compares open versus endoscopic repair [10]. A total of 41 
randomized studies were identified including 7161 patients with a follow up of 
ranging from 6 weeks to 36 months. The recurrence rate was reported in 6642 pa- 
tients. The overall recurrence rate in this meta-analysis was 2.7% in the endoscopic 
group and 3.1% in the open group. When open repair used mesh, the recurrence 
rate was similar in both groups. It is concluded that the use of mesh rather than the 
method of placement is associated with the reduction of hernia recurrence. 

The Shouldice operation was regarded as the golden standard at the beginning 
of the 1990s, but has been replaced by the Lichtenstein repair. This might be due 
to the complexity and long learning curve for the Shouldice repair versus Lichten- 
stein procedure. The use of different mesh techniques has practically taken over 
the market in hernia surgery. This can be seen in the Swedish Hernia Register 
[11] that was started in 1991 and now includes 75% of all surgical units in Sweden. 
The use of mesh has increased dramatically during the past 10 years, making up 
80% of the operations performed in the year 2000. 

Recently reported results from Berndsen et al. [12] studied the effect on hernia 
recurrence rate after the introduction of standardized modern inguinal hernia 
repairs to all surgeons at a county hospital in Sweden performing a total of less than 
200 hernia operations per year. In 1993 the strategy of inguinal hernia surgery was 
changed and new standardized operative techniques were introduced, absorbable 
sutures were abandoned, prospective registration was started and an educational 
program for residents was introduced. To compare the effect of these changes, two 
groups were studied. The results of all consecutive patients operated during a 1-year 
period, 3 years before (1990 group) and 3 years after (1996 group) the introduction of 
the changes were compared with regard to 5-year recurrence rate. A questionnaire 
was sent to all patients who had not been admitted with a recurrent hernia before the 
end of follow up. A single surgeon clinically examined patients with positive answers. 

A total of 312 patients were included with no difference regarding number of 
patients, demographics and number of recurrences (18%) operated in the two 
groups. The follow-up rate at 5 years was 95%. The overall recurrence rate was as 
high as 28% in the 1990 group and only 3% in the 1996 group. It was even more 
dramatic when looking at operations for recurrences where the rerecurrence rate 
in the 1990 group was 64% versus 7% in the 1996 group. 

Thus a tenfold reduction in recurrence rate was seen after 5 years with a nearly 
complete follow up. The status of inguinal hernia surgery was elevated from being 
the first operation performed by young residents with little prior training, to beco- 
ming an interesting topic in general surgery and an important tool in a more focu- 
sed surgical training program. 

In the SMIL (Swedish multicenter trial of inguinal hernia repair by laparoscopy) 
study group a surgical performance score was developed by an independent 
observer. This was made with the purpose of getting an objective analysis of the 
individual surgeons technical performance of a standardized operation. Prelimi- 
nary results show a correlation between poor surgical performance and recurrence 
rate in one of the studies performed by the group. 

There is a growing demand for quality control in all types of surgery. Inguinal 
hernia repair is the most common procedure in general surgery. It contains easily 
measurable variables, making this type of surgery ideal for quality control proto- 
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cols. Further development of teaching programs is necessary, not only to educate 
residents, but also to consolidate consultants. It is not enough to just abandon non- 
standardized techniques. Poor surgical performance results in bad outcome, impli- 
cating that recurrences are often technical failures. One way of improving the surgi- 
cal performance could be to establish an accreditation program for the different 
hernia repairs. 

We can reduce the overall recurrence rate in the surgical community further. The 
process of education has only begun. The decreasing problem of recurrent her- 
nias with new surgical techniques has shifted the focus on new issues such as long- 
term discomfort, which seems to be a greater problem than previously believed. 
The increasing use of mesh has also raised new questions. What should the ideal 
mesh look like? 

A recurrence is a failure for the surgeon but we do not know how big the pro- 
blem is for the patient. 
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Discussion 



Kingsnorth: I just want to remark that our techniques have to be simple and 
reproduceable. Often, we make the mistake not to consider that our procedures 
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cannot be reproduced by the average surgeon at the average hospital with the 
same good results. The laparoscopic techniques are very good techniques in the 
hand of the right surgeon, but if you try to generalize them, it does not work 
very well. 

Montgomery: That might also be due to the educational program for it, because 
the area of the preperitoneal space is not very familiar to the general surgeon and 
the older surgeons might not be aware of this part. I think, when you come to a new 
generation learning it from the beginning, and having it in an educational program, 
there will be progress even in this part. 

Schumpelick: Have you seen the plateau Dr. O’Dwyer has shown us? 

Montgomery: Not for the Smil-1 study, there is no plateau in that so far during 
this 5 years. I don’t think it is comparable, because the mesh is too small to 
show any significant improvement. This is a technical problem in this study. 
We have to wait for the Smil-2 study (comparison with TEP) with its bigger 
mesh. 

Nyhus: You showed us a dramatic difference between the various surgeons, and I 
want to know whether in the subsequent studies those in the upper half of the 
right side of the graphs is not allowed to do hernia surgery any longer? Are you 
tough about it? 

Montgomery: I haven’t told you all about the study. There is an independent 
observer put to this study, who has studied the open operation as well as videos 
from the laparoscopical one, but I cannot answer the question today. 

Kehlet: We should be very careful, when comparing the results of different surge- 
ons at different places. In our experience the results from one year differ from 
those of the next year and so on. We have to have very large data to show statisti- 
cally significant differences. We have to be very careful, in particular as the politi- 
cians love these data. 

Montgomery: Correspondingly, despite these interindividual differences in our 
study, there is no statistical significance. 

Kukleta: I think it is dangerous to declare that there is no difference between 
TAPP and suture technique, because no TAPP has been done with its too-small 
mesh of 7 to 12 cm, being impossible to cover all the hernia gaps. 

Montgomery: This study was performed when these sizes of the mesh were accep- 
ted for the whole world as being an appropriate mesh for this technique, then we 
conducted a study as a protocoil to be able to present it. The conclusion would 
also say that the recurrences are probably due to technical failures and that the 
mesh is too small to cover the whole area. 
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LeBlanc: The mesh is too small, we have discussed it. Another point is the educa- 
tion. In the US for the residents a minimum number of 50 laparoscopic operati- 
ons is demanded. It will be difficult to reach this aim. 

Montgomery: If the laparoscopic techniques, TAPP or TEP, are on the market due 
to the superior results with acceptable late complications, it might be that these 
techniques develop further, and might be discussed later on. The late problems 
are the problems for the long run that we have to deal with. ' 



1 .4 Germany 

M. Stumpf, U. Klinge, R. Rosch, K. Junge, V. Schumpelick 



Regarding the past hundred years of hernia surgery, a constant development in 
operating techniques has been achieved. From Bassini to Shouldice the technical 
progress led finally to mesh techniques like Lichtenstein, TAPP and TEP repair, 
today widely used all over the world. 

Still questionable is if the development also led to an improvement in clinical 
results, particularly to a decrease in recurrence rates. 

Looking at the big clinical trials initiated over the past years, a decrease in 
recurrence rates using mesh techniques was realized. The recurrence rates for 
inguinal hernia repair were reported to be around 2% using mesh repair in these 
studies [2,3,4]. 

The question is if this published improvement of recurrences can be confirmed 
on looking at the available epidemiological data. 

In Germany an External Quality Assurance for inguinal hernia operations exists 
in several federal states. It was possible to analyze the database from North-Rhine, 
Westphalia, Saxony and Bavaria between 1993 and 2001. These databases consist 
altogether of 328 831 patients operated on for inguinal hernia. The surgeons are 
obliged to fill in a form for all patients operated on in their clinic. The form records 
general facts like age and gender and also details about the type of hernia and the 
type of operation. It particularly distinguishes primary operation and operations 
for recurrent hernias. The hospital stay and the onset of complications also is docu- 
mented. These data do not consist of any long-term follow up. 

Analyzing the data in Germany, as in most other countries in the world, shows 
that technical progress has been realized in practice. A constant increase in 
operations using open and laparoscopic mesh repairs is seen. In summary, 
today in Germany more than 50% of all operations for inguinal hernias are per- 
formed as a mesh repair. 

To answer the question if an improvement in results using the mesh techniques 
is realized, it is interesting to have a closer look to the rate of operations for recur- 
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Fig. 1 . Percentage of operations for recurrent inguinal hernia from the entirety of inguinal 
hernia repairs 

rent hernias from the entirety of inguinal hernia repairs. Surprisingly the percen- 
tage of operations for recurrences has not decreased over the past years and still 
accounts for more than 10% (Fig. 1). 

Assuming the increase of mesh repairs over the past years and facing the fact 
that these techniques have a significantly lowered recurrence rate in all published 
clinical trials, it should have been expected that the rate of operations for recur- 
rences also decreases, but in all epidemiological data available the rate ot operati- 
ons for recurrence persists. 

In attempting an explanation for this discrepancy between the results of the cli- 
nical trials and the available epidemiological data, several facts have to be regarded. 

One reason could be the lacking technical skill of the performing surgeons in all 
the general hospitals, which could explain the higher recurrence rates compared to 
the trials, mainly performed by experts in their field. The available studies, howe- 
ver, could not convincingly show a sure impact of the operating surgeon on the 
results [9]. 

Moreover, the question has to be asked if the mesh techniques really arc a relia- 
ble method, if not everybody is able to perform them correctly. However, the 
importance of a good surgical training, also in hernia surgery, has to be empha- 
sized. 

In this regard some more facts from the Quality Assurance database have to be 
taken into account. Only one third of the patients with recurrences after inguinal 
hernia repair return to the initial operating surgeon (Quality Assurance Saxony 
and Bavaria 2000/2001). Most of the patients, in contrast, change the hospital for 
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the next operation. This fact does explain why only trials with a consequent and 
complete follow up of the patients document the real recurrence rates. 

Another interesting point when looking at the epidemiological data is the cir- 
cumstance that most of the recurrences appear more than 3 years after the primary 
operation (Quality Assurance Saxony 2000: 68%). These are data about the first 
observation of a recurrence by the patient or his doctor, not time of operation for 
a new hernia. 

Similar findings have been observed during the big trials: in summary, lower 
recurrence rates for mesh repair compared to suture, but a linear increase in the 
recurrences over the years of observation [10]. Usually, because of technical fai- 
lure, a high recurrence rate after 1 year with a following decrease would be expected. 

All these findings lead to consider if there is not something else responsible for 
the onset of a recurrence beyond the technical problems. The hypothesis raised is 
the influence of biological problems concerning wound healing as a reason for 
recurrences after inguinal hernia repair. 

One fact emphasizing this hypothesis is the published increase of recurrence 
rates in older patients compared to younger patient groups. 

Smoking, one of the habits which are known to influence the connective tissue 
metabolism and lower the collagen deposition, is a proven risk factor for inguinal 
hernia recurrence [9]. This clearly indicates, that the collagen metabolism has an 
influence on the wound healing after inguinal hernia repair. 

Furthermore, other disorders concerning the collagen metabolism are proven 
to be a higher risk for development of hernia disease. Patients with polycystic 
kidney disease have a significant greater incidence of hernias [6]. Varicosis has 
an increased prevalence in patients with groin hernia [Ij. Patients with aortic 
aneurysms have a significant higher incidence of inguinal hernias and are at greater 
risk of developing incisional hernias than patients operated on aortic grafts due 
to arterial occlusive disease [7, 8]. 

Last but not least, several studies concerning the connective tissue could demon- 
strate a disturbance of the collagen metabolism with decreased ratio of collagen 
types I to III and increase of MMP-1 and MMP-13, in patients developing ingui- 
nal hernia recurrences [5, 11]. 

In summary, the discrepancy between the clinical trials with excellent results 
and low recurrence rates and the epidemiological findings with the constant high 
rate of operations for recurrent hernias cannot be explained only with technical 
problems. It seems to be obvious that a biological problem of wound healing does 
exist in patients developing inguinal hernia recurrences. 

Therefore more research has to be done to define the risk population, to enable 
an individual therapy with a tailored approach for each hernia patient in the 
future. 
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Discussion 



Simons: Isn’t it true that you use the most difficult mesh techniques in the learning 
phase and therefore you see that the results didn’t get better. Teaching the techni- 
ques, that you can really learn and reproduce, that is the problem with Lichten- 
stein and at least 10% of your mesh repairs were all the difficult techniques. The- 
refore you have to wait for some years more. That is the problem with the tailored 
technique. It is for specialists and not for general surgeons. We can treat 90% of 
hernia with one technique. 

Stumpf: To your first question, I think we have a long running time for these mesh 
techniques - more than 10 years, and we haven’t seen any decrease in recurrence 
rates. If you look at the data of the whole world, it is the same. Perhaps we have to 
wait for some more years, certainly. 

Gai: It is true that we haven’t seen a decrease in Germany, but we must look at the 
recurrence rates after suture repair and after mesh technique. What do you think 
about those specialized surgeons who changed to the mesh techniques, and now 
have better results? I think we have to look at the recurrence rates separately after 
suture repair and after mesh repair. 

Schumpelick: We shouldn’t talk about personal series. We should talk about popu- 
lation statistics, e.g., a huge area. A surgeon who does the same method all the 
time will have different results. Every surgeon who has changed his technique 
will have better results. We have to look for a whole population. It is a simple ope- 
ration, it has to be done easily, but it could be that in this regard, some patients are 
overtreated, e.g., the young patients, the indirect hernia, the females; we don’t 
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know at the moment, we will discuss it. But no individual comparisons, we all have 
wonderful results. The message must be: overall results. 

Flament: I think the ratio of recurrent hernia is not a good parameter to reflect 
what we are doing today. We have seen, that 68% of the recurrences appear more 
than 3 years after previous operation. The result of what we do today is not the 
14% of recurrences. Did you correct the number of recurrences to the number of 
patients, as one of them could have several operations for recurrences? 

Stumpf: You are right, the data weren’t corrected, they are just epidemiological 
data. 

Kehlet: Compared to Scotland, Sweden and Denmark, you have a very low use of 
Lichtenstein in Germany. What is the reason for that? 

Stumpf: Indeed, we do considerably more laparoscopic repairs, compared to Scot- 
land. It is just a fact. 



1 .5 The Netherlands 

M.P. Simons, D. De Lange 

Introduction 

The yearly re-operation rate for recurrent hernia in The Netherlands is consistently 
13-19%. A trend was shown in Amsterdam that it is decreasing from 19% in 1994 to 
12.6% in 2001 thanks to introduction of mesh repair methods and more and better 
training. 

The Dutch evidence-based guidelines for inguinal hernia advise a mesh repair 
for all adult patients with an inguinal hernia. 

To be able to find out whether the guidelines influence hernia treatment, an 
inventory was made of all hernia surgery performed in The Netherlands in the 
period January to March 2001. The results will be compared with the same inven- 
tory of all hernia surgery performed in January to March 2005. 



Methods 

A retrospective analysis was performed of all patients that were operated for ingui- 
nal hernia or recurrence in the period January to March 2001. All Dutch hospitals 
were included in the investigation. The following facts were entered into a data- 
base: primary/recurrence, type of hernia, operation technique and complications. 
Other facts investigated were not analyzed for this study. 
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Until March 2003 87/130 hospitals were analyzed with 3343 adult patients and 
709 children. 



Results 

The percentages of patients operated for recurrent hernia were 13% in adults and 
2.6% in children. 

Prior technique for recurrent patients in 70% was a conventional technique and 
recurrences were seen after all types of mesh repair. 

Of adult patients 78.5% were treated with a mesh (Lichtenstein 38.8%, TEP 
12.2%, TAPP 1.6%, Plug and Patch 7.3%, Ugahary 4.6%). 21.5% were treated with 
non-mesh techniques (Shouldice 8.6%, Bassini 7.1%, herniotomy 3.6%); 95.4% of 
the children underwent a herniotomy. 

1239 (37.2%) adults, and 550 (78.7%) children were treated in day surgery. 

The type of hernia in adults was 42.8% indirect, 38.3% direct and 7.6% combi- 
ned hernia. 

Local anesthesia was used in 6%. 

In 22.2% of the adults, one or more complications were registered; hematoma/ 
seroma 1 1.7% and pain 8.6%. (In 19.8% of these cases, the pain persisted more than 
3 months). In adults a total of 101 (3.0%) re-operations have been performed (2.0% 
for recurrences, and in 0.6% for evacuation of hematoma; 43 (6.1%) of the child- 
ren had a complication, with a recurrence within 1 year (2.0%) as the most com- 
mon. 



Conclusion 

This base-line analysis showed that 24% of adults were not treated with mesh tech- 
niques. Only 37.2% of all operations were performed in day-care. After one year of 
follow - up a recurrence rate of 2.0% was seen in both adults and children. 



Discussion 



Schumpelick: Can you comment on the Ugahary procedure with its worst results? 

Simon: 13 recurrences within 3 months, which is more than 10% if you look at the 
more than 100 patients of the study. It is the technique, and I think, they have gone 
through their learning curve, but that counts for endoscopic surgery also. I don’t 
think the Ugahary will gain ground. 

Deysine: I cannot believe that the techniques that have been described have failed. 
I believe that the training of the residents for these techniques has failed. 

Simon: I agree totally, that is about all. We will all be doing hernia operations. I 
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don’t think that in Holland we will have centers. We probably will have some sur- 
geons who won’t operate all hernias. Therefore, we need some simple technique, 
not ten types of technique. That is my philosophy; and training has to be done. 

Nyhus: We saw the word laparoscopic. I am a little confused, whether surgeons take 
laparoscopic techniques for all hernias or whether, as I was taught, for bilateral or 
recurrent hernias. 

Simons: I agree, in Holland the guidelines say, for primary hernia Lichtenstein, if 
expertise for bilateral a good second choice is laparoscopic and for all recurrences 
after anterior approach we also advise laparoscopic posterior techniques for the 
specialists. 




2 Risk Factors Predisposing for the 
Development of Incisional Hernias 

A Retrospective Analysis of 2983 Cases Over a Period of 10 Years 

J. Hoer, G. Lawong, K. Junge, U. Klinge, and V. Schumpelick 



Introduction 

Incisional hernia (IH) formation is one of the most frequent complications in 
visceral surgery requiring re-operation. Data from studies presented in literature 
describe an incidence of IH ranging between 5 and 24% [10, 13, 21, 22, 28]. In spite 
of extensive research work dealing with suture material and suture technique in 
the past decades, the incidence has remained constant. 

Although laparotomy closure is often described as a standard surgical proce- 
dure, the applied materials and techniques are strongly dictated by tradition and 
experience as well as by the surgeon’s individual »feeling« for the tissue. The num- 
ber of laparotomies performed in Germany every year has reached 700 000 and is 
steadily increasing. Presuming an IH incidence of 15% and an indication for sur- 
gical repair in only 30% of cases, the annual cost for the hospital treatment of IH 
repair is estimated at 180 Million - (modified according to [5]). The given num- 
bers find their equivalent also in international comparison [7]. The additional cost 
resulting from temporary disablement, invalidity and rehabilitation cannot be esti- 
mated. A recurrence rate of up to 40% after IH repair aggravates the problem. 

Of the existing controlled randomized studies dealing with the closure of laparo- 
tomies, one third does not fulfill the Jadad quality score, which evaluates the qua- 
lity of randomized studies [16]. Only 50% of studies fulfilling the score have a mean 
follow-up of at least 12 months, the others include shorter follow-up periods. Bea- 
ring in mind that 35% of IH develop more than 3 years after laparotomy, short 
follow ups may explain the IH incidence of 5% presented in some studies [21, 27]. 
It is undisputed that IH is of multifactorial origin. Factors accused of inducing IH 
are numerous. It has not been evaluated sufficiently which of these factors can be 
influenced with acceptable effort. 

To elucidate the IH incidence in a follow-up period of 10 years and to define 
pre-, intra- and postoperative risk factors, a retrospective analysis of 2983 laparo- 
tomies was carried out by uni- and multivariate analysis. 



Material and Methods 

Information was gathered from the records of 5258 patients who underwent pri- 
mary or recurrent laparotomy between January 1st 1986 and December 31st 1995. 
In each patient, 42 single factors included demographic data, laboratory values. 



V. Schumpelick et al. (eds.) Meshes: Benefits and Risks 
© Springer-Verlag 2004 
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Table 1. Influencing factors for IH development analyzed 



Demographic 


Preoperative 


Intraoperative 


Postoperative 


data 


factors 


factors 


factors 


Gender 


Co-morbid illness 


Operation technique 


Postoperative course 


Age 


Diabetes mellitus 


Type of incision 


Mech. ventilation >24 h 


Body mass index 


COLD 


Recurrent incision 


Catecholamines 


Rhesus factor 


Arterial hypertension 


Suture material 


Blood transfusions 


ASA index 


Coronary heart 
disease 


Suture technique 


Anastomotic leakage 




Malignant disease 


Number of prev. 
laparotomies 


Sepsis 




Renal insufficiency 








Preoperative 

medication 


Surgeon 


Wound healing 




Laxatives 


Consultant, registrar 


Hematoma 




Steroids 


Assistant 


Seroma 




Antibiotics 




Bacterial 

contamination 








Secretion 








Wound dehiscence 








Suture sinus 








Wound infection 




Laboratory values 


Course of the 
operation 






Anemia 


Blood transfusion 






Hypoproteinemia 


Intraoperative shock 





Intestinal resection 

Duration 

Drainage 



Indication for the 
operation 

Elective surgery 
Emergency surgery 



details about the operation, wound healing, co-morbid illness and postoperative 
complications were analyzed (Table 1). 

Excluded were right lower quadrant incisions for appendectomy, incisions for 
the closure of ileostomies and colostomies and incisional hernia repairs. If a pati- 
ent included in the study developed an IH, the follow up ended with manifestation 
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of the hernia. Postoperative complications also leading to the exclusion from the 
study were peritonitis with the need for peritoneal lavage and/or temporary abdo- 
minal closure using a polyglactin mesh. The data of 2983 patients met the study 
criteria. Follow-up investigations were carried out when patients presented in the 
outpatient department by clinical investigation and ultrasound (719 patient) or via 
telephone using a standardized questionnaire (1899 patients). If patients were inse- 
cure about the manifestation of an IH, they were examined clinically and by ultra- 
sound (50 patients). If a patient did not meet the follow-up appointment, the date 
of the last investigation in our department was taken as the end point of follow up 
(315 patients). 

Data documentation was carried out with Microsoft Access, statistical analysis 
with the Statistical Package for Social Sciences (SPSS) and Microsoft Excel for Win- 
dows. The influence of each individual factor for the development of an incisional 
hernia was evaluated with Pearson’s x^-test; multivariate analysis was performed 
using binary logistic regression. Differences were considered as significant with 
p <0.05. 

Results 

Follow-up Period 

The shortest follow up was 0.3 months, the longest 11.3 years. The mean follow up 
was 21.1 months (SD 27 months). 



Surgical and Technical Aspects 

The spectrum of operations in the analysis included elective curative and pallia- 
tive surgery of the gastrointestinal tract, partial liver resections, liver transplan- 
tations, surgery of the bile system and the pancreas, nephrectomies, adrenalecto- 
mies and surgery of the spleen. Operations for acute gastrointestinal emergencies 
like hemorrhage, perforation, ileus, peritonitis and polytraumatized patients with 
abdominal injuries were also included. The types of incisions were 61% (1818) 
median or pararectal incisions, 37% (1100) horizontal or subcostal and 2% (64) 
horizontal incisions combined with median epigastric incisions. The suture tech- 
niques were single interrupted sutures in 92.9%, Smead Jones sutures in 3.5% and 
continuous sutures in 3.6%. Polyglactin 2"^0 was used to close the peritoneum, in 
the case of horizontal incisions to close the peritoneum and the posterior layer of 
the abdominal fascia. The peritoneum was closed as a separate layer in 92% of 
cases. Polyglycolic acid sutures size 0 were used to suture the fascia in 98.8% of 
laparotomies. Non-absorbable polypropylen sutures were applied in 0.6% of cases. 
In 0.6% no information about the material used was given in the records. 
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Table 2. Incisional hernia incidence 



Time after the operation (months) 


Mean incidence |%) 


Kaplan-Meier estimate 1%| 


<3 


0.7 


1.6 


3-6 


1.3 


3.5 


6-12 


2.3 


7.0 


12-18 


2.8 


8.7 


18-24 


3.2 


10.2 


24-30 


3.4 


10.9 


30-36 


3.5 


11.6 


36-48 


3.7 


12.8 


48-60 


3.8 


13.2 


60-72 


3.9 


14.4 


72-140 


4.3 


18.7 



Incisional Hernia Incidence 

In 129 of 2983 cases the manifestation of primary IH was observed during follow 
up either clinically (127 cases) or sonographically (2 cases). The incisional hernia 
incidence was thus 4.3%. For the mean follow-up period of 21.1 months the cal- 
culated IH incidence according to Kaplan-Meier was 9.8%. For the 10-year follow 
up, the Kaplan-Meier estimate for IH incidence was 18.7% (Table 2). 



Incisional Hernia Manifestation 

In 127 patients (98.4% of patients with IH), the time point of IH manifestation was 
known. During the first 6 months after laparotomy 31.5% of IH became apparent; 
54.3% were apparent after 12 months, 74.8% after 2 years and 88.9% after 5 years. 
Taking into account the asymmetrical distribution of follow up periods (Table 2), 
only 7% of the estimated 18.7% IH became apparent after 12 months; more than 
50% of hernias occurred after more than 18 months. 



Demographic and Preoperative Influencing Factors 

Of those factors examined, the existence of preoperative anemia (haemoglobin 
<100 g/1) had a significant influence on the development of IH (p = 0.04). Obesity 
with a BMI between 25 and 30 was present in 39.4% of patients. It was also a sig- 
nificant preoperative risk factor for IH development (p = 0.01). Male gender and 
an age >45 years (both p <0.01) also proved to significantly influence the posto- 
perative manifestation of an IH. In univariate analysis factors like blood group. 
Rhesus factor, emergency indication for surgery and ASA classification had no 
influence on IH formation. Of all factors dealing with co-morbid illness or medi- 
cation (see Table 1), only the presence of malignant disease had a significant influ- 
ence on IH development (p < 0.03). Neither diabetes mellitus nor chronic obstruc- 
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tive lung disease, neither medication with steroids nor preoperative antibiotic 
treatment, had a significant effect. 



Intraoperative Risk Factors 

When the different types of incisions were analyzed and when the incisions were 
put into subgroups of horizontal and vertical incisions, a significant influence on 
IH formation was not found. Recurrent incisions using the same location of inci- 
sion as during prior surgery had a significantly higher risk of incisional hernia for- 
mation (p <0.01). The rate of IH after recurrent horizontal incision (10.5%) was 
higher than after recurrent vertical incisions (6.5%). Independent of the type of 
previous incision, the number of previous laparotomies also had a significant influ- 
ence on IH formation (p = 0.03). 

When the experience of the operation surgeon was taken into account, IH forma- 
tion rose significantly with rising experience (p <0.015) but with a strongly asym- 
metrical distribution of risk factors between the groups with differing surgical 
experience (Table 3). Intraoperative risk factors without significant influence on 
IH formation were intraoperative blood transfusion, intraoperative shock and the 
operating time. 



Table 3. Distribution of risk factors between surgeons with differing experience 



Risk Victor 


Consohuit/RegistrBr 


Assistant 


Number of patients 


Recurrent incision 


407 (84.6%) 


74(15.4%) 


481 


Previous incisions 


None 


550 (64.0%) 


309 (36%) 


859 


1-3 


1219(68.8%) 


554 (31.2%) 


1773 


4-9 


115(79.3%) 


30 (20.7%) 


145 


Malignant disease 


809(79.1%) 


214 (20.9%) 


1023 


ASA Class 


ASA 1 


1162 (66.1%) 


595 (33.9%) 


1757 


ASA 2 


645 (70.6%) 


268 (29.4%) 


913 


ASA 3 


138 (71.9%) 


54 (28.1%) 


192 


BMl >30 
Catecholamine 


134(61.8%) 


83 (38.2%) 


217 


therapy 


45 (86.5%) 


7(13.5%) 


52 


Preoperative anemia 


108 (65.5%) 


57 (34.5%) 


165 


Age >68 years 


528 (69.4%) 


233 (30.6%) 


761 



Postoperative Risk Factors 

Postoperative factors with a significant influence on IH formation were the neces- 
sity for catecholamine therapy (p <0.01) and disturbed wound healing by seroma 
formation or wound infection (both p <0.01). Postoperative mechanical ventila- 
tion, anastomotic leakage and sepsis had no significant effect. 
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Multivariate Analysis 

Multivariate analysis by binary logistic regression proved the parameters BMI >25, 
male gender, recurrent incision, malignant disease and intraoperative wound conta- 
mination as statistically relevant independent influencing factors for the develop- 
ment of an IH. 



Discussion 

Incisional hernia (IH) formation is one of the most frequent complications in vis- 
ceral surgery, requiring re-operation. Medical as well as economic reasons force us 
to intensify the search for prophylactic measures to reduce incisional hernia inci- 
dence. In 60 papers published between 1972 and 1998 which focus on incisional 
hernia formation, the IH incidence ranges between 4 and 20%. The mean follow up 
in these studies is 16.2 months, ranging from 1 to 120 months. One third of these 
studies calculate the IH incidence from a follow up between 1 and 12 months [19]. 
Due to the frequent late manifestation of IH, short follow-up periods bias results 
towards a lower IH incidence [6]. Independent of the IH incidence, the time points 
of IH manifestation given in the literature are the same as in our study [4, 31]. 

The quality of data in a retrospective analysis is strongly dependent on the amo- 
unt of data available during follow up. Due to different reasons, 715 patients (24%) 
in this study were not available for complete follow up. If those were excluded from 
the analysis, the mean follow up would rise to 23.4 months (SD 40.9) and the IH 
incidence to 5.3%. As a consequence, the Kaplan-Meier estimate of the cumulative 
IH incidence would then rise to 19.9%. These arguments give rise to the questions 
whether results from clinical studies dealing with the influence of materials and 
methods on the quality of laparotomy closure with a follow up of less than 5 years 
should be regarded as valid. A multitude of factors have been accused of influen- 
cing the development of postoperative IH; their judgement is heterogeneous and 
not clearly defined. 



Demographic and Preoperative Factors 

In the present study, men had a significantly higher risk of developing an IH than 
women. Other authors came to the same result [2, 24] while some deny the influence 
of gender [8, 25]. A genetically determined weakness of collagenous tissue is discus- 
sed as a possible reason as well as a higher nicotine consumption in men [29]. 

At the time point of the operation, 85% of patients who later developed an IH 
were older than 45 years. Age proved to be a significant risk factor after univa- 
riate analysis. A rising number of independent risk factors with age, weakening 
connecting tissues and decelerating metabolism may explain this influence. The 
influence of age and gender is also presented in a publication investigating the rate 
of recurrences after inguinal hernia recurrences [23]. As age proved to be not sig- 
nificant during multivariate analysis, it has to be regarded as a cofactor for IH deve- 
lopment. 




Chapter 2 Risk Factors Predisposing for the Development of Incisional Hernias - J. Hoer et al. 



37 



Preoperative anemia was found to be a significant risk factor in this study as well 
as in some other publications [20, 30]. Bearing in mind that tissue perfusion is a 
prerequisite for undisturbed wound healing [9], the intra- and postoperative hypo- 
xia in the incisional region due to anemia may serve as an explanation. Additio- 
nally, it may be assumed that the condition leading to anemia (bleeding, malignant 
disease) contribute further risk factors for IH formation. 

A rising body mass index was also found to be a significant risk factor. While 
the IH incidence in patients with a BMI <25 was only 3.3%, it was 5.7% in patients 
with a BMI >25. This observation was also made by other authors [13, 18, 25]. The 
necrosis of adipose tissue without mechanical stability included in the suture may 
lead to a progressive loosening of the sutures. Furthermore the suture tension has 
to be higher in obese patients and laparotomy closure is technically more diffi- 
cult. 



Intraoperative Risk Factors 

Interestingly, no difference in IH incidence was found in this study when hori- 
zontal and vertical incisions were compared. Data in the literature give differing 
results [19]. Recurrent laparotomies via the same incision and the number of 
previous laparotomies on the other hand had a significant influence. We have to 
be aware that median laparotomies are the standard access to the abdominal 
cavity in emergency situations, in which often other cofactors for the develop- 
ment of IH are simultaneously present (anemia, contamination, ASA class 3). 
When only elective surgical procedures are analyzed in the literature, a signifi- 
cant influence is if the type of incision chosen cannot be found [1, 26]. The 
advantages of horizontal incisions given in several publications were not found 
in our analysis. Especially recurrent laparotomies via horizontal incisions resul- 
ted in more IH than re-operations via vertical incisions. Possible explanations 
are disturbances of tissue perfusion and scar formation after horizontal re-inci- 
sions. The data given in the literature concerning this question are heterogeneous 
[3,24]. 



Postoperative Influencing Factors 

Postoperative catecholamine therapy, as well as all sorts of disturbances of wound 
healing, were factors significantly influencing the incidence of IH formation. 

As expected, wound complications occurred significantly more often after 
intestinal resections and wound contamination, but non-infectious complicati- 
ons like seroma formation also led to a significant rise in IH formation. Wound 
complications, especially wound infection, is the only risk factor which is unani- 
mously judged as an important risk factor for the formation of IH throughout 
the literature. 

Why does a wound infection develop? It is not only bacterial contamination but 
the combination of contamination, suture material, suture technique and suture 
tension. All these factors strongly influence tissue perfusion and tissue repair 
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mechanisms. It is the complex interaction of these factors, which is by far not com- 
pletely understood, and not the individual factor which leads to the failure of pri- 
mary laparotomy closure. 

Postoperative catecholamine therapy is usually indicated in hemodynamically 
instable patients who are severely compromised in their vital functions. Vasocon- 
striction and the presence of other cofactors for IH development explain the pre- 
destination for IH formation found in our analysis. 



Conclusion 

The IH incidence of 4.3% found in this study corresponds to the data given by other 
authors. The cumulative IH incidence of almost 20% according to the Kaplan-Meier 
estimate for a 10-year period underlines the need to intensify research work dealing 
with the healing of laparotomy wounds [17]. 

The manifestation of 50% of IH more than 12 months after the initial opera- 
tion is an important result of this study. It means that even after the completion 
of wound healing and tissue restructuring, when the influence of suture material 
and suture technique can be neglected, 50% of IH develop. Further research will 
have to focus on the ultrastructure of collagen and also on defects of collagen meta- 
bolism as causes for IH formation. 

Of 42 influencing factors analyzed in this study, only 5 reached the level of 
significance after multivariate analysis. These factors showed no relation to opera- 
tive-technical aspects but were related to either the patient (BMI, gender, malig- 
nant disease) or to the operation (recurrent incision, wound contamination). 
The only factor that may be influenced with acceptable effort is wound contamina- 
tion. Measures already taken, like antibiotic prophylaxis, wound-edge protectors 
and the like, have had no proven evidence-based effect on the rate of wound 
infections. 

Thirty-seven endogenous and exogenous risk factors had no significant effect on 
IH formation in spite of the huge amount of available data. It has to be remarked 
critically that parameters like the suture length to wound length ratio were not 
evaluated in our study [14, 15]. Suture characteristics like suture tension and size 
of tissue bites were not standardized and not taken into account, which means that 
the influence of the suture method on incisional wound healing may be underrated 
in our results [11, 12]. 

Further studies dealing with the dynamics of laparotomy healing will be neces- 
sary in the future to be able to differentiate risk populations and to develop ade- 
quate technical variations for the closure of the fascial layer of the abdominal wall, 
including the primary use of alloplastic mesh materials. 
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Discussion 



Schumpelick: Could it be that there are patients who are so prone to recurrence that 
there should be a mesh primary to avoid the incisional hernia? 

Junge: I think we will discuss in further sessions about the biological background of 
incisional hernia formation. 

Israelsson: You cannot make the conclusion that the quality of the suture techni- 
que has only minor impact. If we look at our studies, we had a high rate of incisio- 
nal hernias. When we focused on the suture technique, we could reduce the rate by 
50%. 

Junge: You are probably right. It was a retrospective study, not a prospective study 
intended to check the suture technique, and we analyzed just the operation reports; 
but we found that there are some major biological aspects - apart from the tech- 
nical ones - that lead to an incisional hernia, and these biological factors are at 
least as important as the technique. 

O'Dwyer: Did you do more than 90% of your closures with PGS? 

Junge: Yes, we did. 

O'Dwyer: Then you cannot draw conclusions about the technique, if you use one 
absorbable suture in > 90%. 
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Introduction 

Inguinal herniorrhaphy will be discussed because there is more substantial litera- 
ture covering this area compared with incisional hernia repair, where cost analysis 
is virtually absent. Inguinal hernia repair consumes considerable healthcare resour- 
ces worldwide because the lifetime risk for hernia is 27% for men and 3% for 
women [1]. 

Clinical practice and its economics have become dominated by evidence accu- 
mulated from research. However, there is a recognized gap between clinical prac- 
tice and research findings [2]. The purchase of healthcare by health commissioners 
can narrow this gap and ensure clinical benefit and cost effectiveness of health 
care. Health commission is complex; it requires identification of topics important 
for evaluation (hernia surgery, as pointed out above, consumes considerable resour- 
ces), an evaluation team (often in a service-led academic institute), an arbitration 
committee to deliver recommendations to purchasers and, finally, obligations by 
the purchasers to respond to strong recommendations. The stages in the assessment 
of a health technology such as inguinal hernioplasty involves the following steps: 

• Identification. 

• Evaluation by quality of evidence categories. 

• Compilation according to Cochrane collaboration for randomized controlled 
trials. 

• Synthesis according to meta-analysis. 

• Analysis involving local cost-based research reviews providing answers on cost 
effectiveness. 

• Implementation which is often stimulated by goodwill rather than coercion. 

• Postmarketing surveillance involving a level of monitoring to ensure uptake of 
the recommentdations. 

Such a process requires a multidisciplinary collaboration between surgeons, epide- 
miologists, statisticians, health economists, medical sociologists and medical 
psychologists [3]. Clinical outcome should include not only morbidity and mor- 
tality but also complications, symptom relief, change in functional status and 
quality of life. The study design can include not only randomized controlled 
trials but also longitudinal observational studies and decision analysis with 
meta-analysis. Presently few aspects of hernia surgery are covered by randomi- 
zed controlled trials which in any event are limited by techniques of randomiza- 
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tion, influence of the learning curve, constraints of time and money, doubts 
about generalizability, non-inclusion of all alternative treatments and end points 
which do not frequently include patient health, functional status and quality of life. 

Considerations in cost-effectiveness for the management of hernia have been 
defined by Millikan and Deziel as follows [4]: 

• Pretreatment (diagnostics). 

• Treatment (facility materials, anesthesia, surgeons, nursing staff, miscellaneous 
staff). 

• Posttreatment medical care (complications, recurrence). 

• Societal or employer costs (insurance, workers’ sick leave, worker replacement 
costs, loss of productivity). 

• Variable (supplies versus volume) fixed (building) and semifixed (labor) costs. 

The value of any indicated treatment is directly proportional to treatment outcome 
and inversely proportional to treatment costs. Evaluation of both the numerator 
(outcome quality) and the denominator (cost) of the value equation is subject to 
many methodological limitations. The value depends on whether it is viewed from 
the perspective of the patient, surgeon, hospital, employer, payer or industry. Costs 
do not equate with charge. Millikan and Deziel estimated that primary inguinal 
herniorrhaphy constitutes a 3-billion-dollar industry and recurrent hernias may 
add an extra 300 million dollars annual expense. Surgeons have tended to focus 
on recurrence rate as being the prime focus for outcome and cost of hernia sur- 
gery, but Rutkow has pointed out that low recurrence rates are now achieved with 
many types of hernia repair and that other relevant outcome measures should be 
taken into account [5]. These include: 

• Technical difficulty. 

• Complication rates (overall and seriousness of possible complications). 

• Overall rehabilitation (short- and long-term postoperative discomfort and return 
to daily activities and work). 

• Recurrence rate (and formidability of repairing it). 

• Socio-economic factors (notably cost). 

Rutkow states that it may be important to individualize hernia repair to various 
clinical, social and economic situations. 



Pretreatment 

The benefits of psychological preparation for surgery have been underestimated 
[6]. A meta-analysis of the results of randomized controlled trials of psychological 
methods of preparing adult patients for surgery were analyzed in terms of eight 
outputs: negative affect, pain, pain medication, length of stay, behavioral and cli- 
nical indices of recovery, physiological indices and satisfaction. It was concluded 
that significant benefits can be obtained in all of the major outcome variables. 
Providing patients with procedural information and behavioural instructions has 
effects on improving postoperative recovery. A recent study from the Plymouth 
Hernia Service [7] has shown that providing patients with an information video- 
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tape, which can be viewed at home at leisure, improves recovery. Preoperative dia- 
gnostics have become more rigorous in the National Health Service [8]. Patients 
over the age of 50 are required to have an EGG, chest X-ray, full blood count and 
serum biochemistry. 

A recent study by the NHS Health Technology Assessment Program reported 
the findings of a large-scale randomized controlled trial (Op Check) in which 
preoperative assessment for surgery was undertaken by either a junior doctor or 
an appropriately trained nurse. There were equivalent outcomes between the two 
groups which were cost-neutral, indicating that where staff shortages of doctors 
exist, appropriately trained nurses can assume their role. 



Treatment 

Day surgery in a specialized facility saves expensive out-of-hours nursing and in- 
patient beds whilst making more effective use of operating theatre time. There 
are thus substantial cost savings [9]. Nevertheless, there are the initial costs of set- 
ting up Day Surgery Units; good organization and management is required together 
with provision of adequate information to patients. There may be increased 
workload for community physicians and surgeons; therefore, patient and proce- 
dure selection, drugs and anesthesia and meticulous surgery is required. 

The cost of the material should be minimized unless there is evidence that a cost 
saving can be made elsewhere by using more expensive sutures, meshes or wound 
closure. 

Unlike pharmaceuticals, medical devices do not need to undergo rigorous 
clinical testing to establish effectiveness before being released onto the market. 
Provided the product conforms to service specifications, it may be placed on the 
drug tariff without trials in patients with conditions such as inguinal hernia [12]. 

A systematic review has shown that local anesthesia is as safe and a effective as 
general anesthesia for groin hernia surgery and has less adverse effects on respi- 
ratory function [10]. This finding was based on an analysis of 11 prospective stu- 
dies, 8 of which compared general anesthesia with local anesthesia and 3 compa- 
red general anesthesia with regional anesthesia. This review also showed that there 
was no difference in outcome between patients treated under day-case conditions 
or those given inpatient surgery. Kehlet and the Hvidovre Hospital Hernia Group 
have shown a cost reduction of 250 Euros per patient by utilizing local anesthesia. 
Their care pathway included preassessment, premedication the evening before 
operation, but did not include any routine preoperative monitoring [11]. Although 
local anesthesia fulfils all the requirements for ideal ambulatory surgery, posto- 
perative recovery is faster, costs are lower and for over 90% of patients that 
are suitable for this type of management, epidemiology from national and regio- 
nal databases shows that general anaesthesia is used in 60-70% of cases, central 
neuraxis blockade is used in 10-20% and local anaesthesia in only 5-15% [13]. 
Specialist hernia centers, however, use local anesthesia in more than 95% of cases. 
Song and colleagues have used ilio-inguinal hypogastric nerve blockade and 
intravenous sedation (IHMV-MAC) to compare with general anesthesia or spinal 
anesthesia in unilateral inguinal herniorrhaphy [14]. They showed that patients 
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receiving the IHNV-MAC have the shortest time-to-home readiness (133 min vs 
171/281 min) lowest pain score at discharge (15 mm vs. 39/34) and high satisfac- 
tion of 24-h follow-up (75% vs. 36%/64%). The total anesthetic costs were least in 
the IHNV-MAC ($132 vs. $172/$164). 

Economic evaluations of laparoscopic vs. open inguinal hernia repair have indi- 
cated that the approximate extra in-hospital cost for the laparoscopic operation is 
500 Euros due mainly to additional theatre time, increased equipment costs and 
sterilization [15, 16]. This has led to the abandonment of laparoscopic inguinal her- 
niorrhaphy by the majority of surgeons in the US in favor of open repair [17]. This, 
however, maybe a premature judgement because the total costs which include ope- 
rative time, operating costs, hospital stay, postoperative pain, return to work, pati- 
ent satisfaction and complications are less by approximately 500 Euros for both 
the TAPP and TEP laparoscopic repairs according to small randomized trials car- 
ried out by Heikkinen and colleagues [18, 19]. The major drawback of TEP, howe- 
ver, is that it may have a long learning curve, with difficulty in reproducibility by 
different operating surgeons [20]. This has led some surgeons to question the value 
of introducing laparoscopic inguinal herniorrhaphy as an alternative to the open 
technique. For the TAPP repair, Voitk, who is a community general surgeon, has 
estimated the learning curve to be 50 operations and associated with significant 
morbidity and additional major instrument charges [21]. The complications and 
surgical times began to level off after 50 operations. This learning curve may take a 
considerable time to achieve, since DeTurris and colleagues showed that in 1998/99 
the average number of laparoscopic herniorrhaphies performed by trainee surge- 
ons in the US was less than 3 in their final year of training, when they performed 
more than 50 open procedures [22]. It was found that the complications specific to 
laparoscopy may be more severe than those occurring after open surgery and may 
also be clustered in the learning curve. It was concluded that it may be difficult to 
determine the true clinical value of laparoscopic inguinal herniorrhaphy whilst 
surgeons are more technically proficient with the open technique. 



Posttreatment Medical Care 

The EU Hernia Trialists Collaboration Systematic Reviews published in 2000 indi- 
cated that comparing laparoscopic with open methods of groin hernia repair, the 
laparoscopic techniques resulted in less postoperative pain and quicker return 
to normal activities but the procedure took longer and there were occasional 
life-threatening complications [23]. Comparing mesh with non-mesh methods of 
open groin hernia repair, the use of mesh reduced recurrences by a factor of 4 [24]. 
Debate still continues, however, as to whether mesh should be utilized for inguinal 
hernioplasty in younger patients and in small indirect inguinal hernias. 



Societal or Employer Costs 

Salcedo-Wasicek and colleagues have shown that one of the most important deter- 
minants of pain perception after surgery is socio-economic factors [25]. In a com- 
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parison of patients undergoing inguinal herniorrhaphy, 22 patients with worker’s 
compensation were compared with 22 patients with commercial insurance. The 
days of postoperative pain for the better-motivated patients with commercial insu- 
rance was 7.5 compared with 17.8 for workers compensation patients and the time 
off work was 8.5 days for commercial insurance patients compared with 22.6 days 
for worker’s compensation patients. This is an important confounding factor when 
reporting return to work or activity in any study of the outcomes of inguinal her- 
nia surgery. Nevertheless, as indicated above, laparoscopic inguinal herniorrhaphy 
gives an earlier return to normal activities compared to open methods of groin 
hernia repair [23] and open groin hernia repair utilising mesh provides a shorter 
recovery period than non-mesh methods of open groin hernia repair [24]. Caplan 
and colleagues engineered specific pathways for elective inguinal hernia repair 
which involve [26]: 

• Perioperative unit. 

• Preadmission and anesthetic assessment including a self-reported questionnaire. 

• Day of surgery admission. 

• Enhanced patient education. 

• Clinical pathways. 

• Postacute care. 

Due to a shorter length of stay, reduced time off work and high patient satisfaction, 
there was an approximate 200-Euro saving per patient to the community. Kehlet has 
also shown a shortened convalescence by giving patients strict recommendations 
about return to work and normal activity [27]. 



Variable Costs 

The cost of the building facility can be reduced by undertaking the bulk of inguinal 
herniorrhaphy in a dedicated day-case unit [9]. This also reduces labor costs by 
having staff who work regular hours, and payment is avoided for unsociable hours 
of work. Additional saving can be made by negotiating cost reductions for bulk 
orders to a specialist facility. 



Conclusion 

In the United Kingdom the National Institute for Clinical Excellence (NICE) syn- 
thesizes evidence and reaches a judgement as to whether on balance specific inter- 
ventions in groin hernia repair can be recommended as a cost-effective use of NHS 
resources [28]. The NICE recommendations for inguinal herniorrhaphy are as fol- 
lows [29]: 

• Open mesh is the preferred procedure for primary inguinal hernia. 

• Consider laparoscopic repair for bilateral and recurrent hernias. 

• Totally extraperitoneal (TEP) is the preferred laparoscopic repair. 

• Laparoscopic repair should only be undertaken in units with appropriately trai- 
ned operating teams which regularly undertake these procedures. 
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These guidelines are clearly an attempt at cost containment within Britain’s 
cash-strapped National Health Service. The Plymouth Hernia Service is a nurse- 
led protocol-driven organization, which relies on abundant patient information, 
information for general practitioners, postoperative instructions, a patient 
information video with paperless, and wireless technology [30]. Such a service, 
functioning within a public hospital system and working to economic and evi- 
dence-based principles, can provide a high standard of care. 
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Discussion 



Nyhus: I am concerned about one slide, you should take it out. It deals with the 
point that medical devices should be compared to pharmaceutical products, 
demanding the same rigid handling as in the pharmaceutic world. That is a bad 
statement for the public. 

Kingsnorth: I think that I totally disagree. You should apply the same ethics and 
principles to testing the devices of surgical meshes to drugs. I think that we did 
probably harm our patients if we do not not carry out proper clinical trials. 

Nyhus: Will you take this slide out? 

Kingsnorth: On the contrary, I will animate it, I will make it even better! 

Kehlet: I want to stress the point cost-effectiveness. You concluded that the local 
anesthesia will save resources. I think, we don't need the anesthesiologists any 
more. Furthermore, I want to underline the recommendations concerning recon- 
valescence. In no randomized trial has an affect of the period of rest to the out- 
come been proven up to now. In our Danish database we have a detailed recom- 
mendations for the prescription and reconvalescence for just 1 day, until they were 
on work after 7 days, and that is half the time of most prospective studies. That is 
a key point for the cost effectiveness. 

Kingsnorth: I agree with you completely, in particular on the unmonitored anesthe- 
sia. The main reason for this is medico-legal. In the US it is impossible to perform 
an operation in i.v. sedation without an anesthesist around. Until very recently it 
was possible in the UK to do unmonitored anesthesia, but there have been some 
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directives of the Department of Health, that we have to have an anesthesist in the 
building, though we can have a nurse at the side of the bed. 

Simmermacher: You have been talking about the psychological preparation of the 
patient; what about the psychological preparation of the surgeon? Whether the skill 
is good enough to treat the patient in the way he should be treated. 

Kingsnorth: Very briefly, I agree with you. It deals with basic education. We need 
evidence based surgeons. Unfortunately, that is not in the mentality of the surgeons. 
We all feel that we belong to the best and no-one really is better. 
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Introduction 

About 15 years ago, I had the honor and the great pleasure of giving a lecture in 
Chicago at the invitation of Professor Lloyd Nyhus. His requested topic had been 
Hernia Recurrences: Poor Operation or Poor Operatorfl A brilliant topic, I thought, 
but delicate, 1 felt, because 1 was going to have to reprove either hallowed names 
such as Bassini, Shouldice, McVay, and Lichtenstein, or the audience of surgeons 
who were in attendance. The present topic is much the same and just as relevant 
today. The only difference is that we have seen an unprecedented interest, partici- 
pation, and incursion by the industry. The introduction of various prostheses and 
laparoscopic instruments has changed the once surgically pristine landscape to one 
replete with engineering wizardry. So much so that manufacturers of these imple- 
ments have become the third possibility, other than the operator or the operation, 
to be a cause of complications, failure, and recurrence. Have they not been predic- 
ting, along with some salesmen and surgeons, that with a prosthesis or a prosthe- 
tic gadget, you do not need to know anatomy? A premature surgical promotion as 
well as an unfortunate corporate decision, 1 dare say. 

In 1991, the purveyors of recently introduced laparoscopic instruments were 
intimating that within 5 years all hernias in North America would be carried 
out laparoscopically! Both the message and messenger were intimidating. They 
may well have been instrumental instead, in the slow and less than successful dif- 
fusion of the laparoscopic approach, a technique which requires adequate, time- 
sensitive training and preceptorship. We shall see that in fact, with follow ups 
which are beginning to be meaningful, laparoscopic herniorrhaphies, in the hands 
of »experts«, are yielding results which are equivalent to the tension-free repairs, 
the major advantages of the latter still being at cheaper cost without the added 
risk of serious, albeit rare, laceration of a visceral organ. The newer technique on 
the block is indeed saddled, also, with recurrences and more. 

There is reason to believe, and I am sure many surgeons will concur, that the 
most important yardstick for the success of a hernia repair is still the recurrence 
rate. To this day, the Shouldice Hospital statistics indicate that recurrences still 
make up 13 to 15% of their workload, a range reflected by other publications [1, 2]. 
This means about 1100 recurrences a year in their practice alone, despite the intro- 
duction of laparoscopy and a marked increase in the use of prosthetic materials in 
the repair of hernias in the community at large! Some publications have suggested 
that 75% of hernia repairs today will incorporate a prosthesis as called for by that 
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technique or as an additional reinforcement of a classic pure tissue repair [3, 4]. The 
Shouldice Hospital treats approximately 10% of all the hernias repaired in Canada 
and has therefore become a reasonable barometer of the fight against hernia 
disease [2]. At the American Hernia Society of May 2002 in Tucson (AZ), Byrnes 
Shouldice presented a series of 500 patients who had a previous inguinal hernia 
repair where mesh had been used, implying that mesh has indeed not solved the 
problem of recurrence and called for different strategies in handling those recur- 
rences [6]. 

Before casting aspersions on the surgeon, one must examine the factors and 
influences which come to bear on his choice of technique and quality in its per- 
formance, so that we may perhaps apportion that blame with some sense of rela- 
tivity and fairness. There are factors beyond the control of the surgeon such as 
genetics, metabolic disorders, collagen diseases and smoking which are now being 
recognized and will not be dealt with since they are beyond the pale of our objec- 
tive. One fact is becoming evident, that the body of knowledge necessary to decide 
and perform optimally in herniology has become so voluminous that one would 
think it a subspeciality within general surgery, requiring complete dedication. The 
excellence which one observes in such centers as the Shouldice, the Gilbert, and 
the Lichtenstein hernia clinics is not fortuitous. To quote, again, the famous Ame- 
rican jurist Oliver Wendell Holmes »Every calling is great when greatly pursued«. 



Obesity 

Obesity is the bane of all surgery. Perhaps no other surgery is so markedly hinde- 
red by overweight as that of the abdominal wall. Excess body weight can be said to 
be at the root of many complications, directly and indirectly. Obese people require 
larger amounts of sedation, local or general anesthetic, longer incisions, longer ope- 
rating times; their tissues show marked fatty infiltration, lipomas, and therefore 
much in the way of substrate for wound infections; the mobility of obese patients 
following surgery is markedly decreased and exposed to vascular stasis and embo- 
lization. Significantly, however, in hernia surgery, obesity implies excessive tension 
along any suture line and at peripheral sites where sutures or staples maintain a 
prosthesis in place. Obesity was considered by EE Shouldice to be so detrimental to 
hernia surgery that he established an obesity clinic in his original hospital in 1945 

[2] . To this day, the Shouldice Hospital emphasizes the importance of weight 
loss before surgery [6]. More recent studies, however, have demonstrated that 
one should differentiate between incisional (anterior abdominal wall) hernias and 
groin (inguinal and femoral) hernias. Obesity has been shown to double the inci- 
dence of incisional hernias from 10 to 20% [7]. It must be kept in mind as well that 
incisional hernias repaired primarily, without prostheses, may recur at incidences 
as high as 50% [8]. In inguinal herniation, however, it has been convincingly pro- 
ven that overweight does not represent a drawback [9]. In this study by Thomas and 
Peyton-Barnes, a series of 626 men and 60 women were divided into three classes, 
according to ideal body weight (IBW). Those classes were (1) less than IBW (2) IBW, 

(3) more than IBW. The study was re-evaluated using weights from insurance tables. 
The follow up lasted 10 years. The conclusion was that »patients with recurrent 
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hernias were not more likely to be overweight, ideal weight, or underweight than 
those with primary hernias. In fact, obesity may have a protecting influence on 
recurrence. « 

The recommendation, therefore, is to be more demanding in terms of coope- 
ration from the patient with reference to weight loss in incisional herniation but 
also to tend toward the use of prosthetic materials in this group of patients. 



Anatomy 

The anatomy of the inguinal region has never been easily mastered by anyone. One 
reason is the fact that the groin is a four-dimensional structure as one proceeds 
laterally from the midline. Whether the surgical approach is open or laparoscopic, 
pure tissue or tension free repair, the common denominator in this difficulty is the 
transversalis fascia. Most unfortunately, this fascia has been poorly identified, 
and is poorly presented by all the publications of which I am aware in the 20th 
Century. The only references which have clarified my understanding of this most 
important aspect of anatomy have been the illuminating texts of Cooper [10], Clo- 
quet [ll],Teale [12] and Bogros [13]. The monumental contribution ofFruchaud 
itself is not clear on the nature of the Transversalis fascia near the pubic ramus 
and beyond [14]. Rouviere [15] and Testut [16] are also nebulous as to the even- 
tual fate of the transversalis fascia at the level of the pubic ramus. This delicate 
aspect of the anatomy was taken up and discussed with a clear sense of redisco- 
very and grateful acknowledgement to Cooper in particular, who had enunciated 
with uncanny accuracy anatomical features which have been since overlooked, 
neglected, or simply forgotten [17]. 

McVay, whose anatomical studies have become a classic, provided an inte- 
resting study on the muscular variation of the posterior inguinal floor [18]. 
Unfortunately, in the great number of body halves dissections he carried out 
and catalogued, no ages were recorded for the cadavers. For, had he done so, we 
may have seen that the variations and extent of presence of muscular fibers 
would have reflected tissular degeneration which would have been time-depen- 
dent, a finding that would be in keeping with our concept of metabolic basis for 
the genesis of hernias. 

One further aspect which illustrates anatomical difficulty as an obstacle to good 
surgery is the presence of a vasculature in the preperitoneal space of Bogros [19]. 
The presence of these vessels probably accounts for the fear that surgeons have 
always had of entering this space. Bleeding can be profuse if one is not familiar 
with this circulation. For those of us who were taught to do a Bassini, a McVays, 
or a Shouldice, how many can in truth say that they entered the preperitoneal 
space as required by the technique? The most important step of the operation has 
been more often than not overlooked. This serious oversight is what has led to so 
many variations and corruptions, most notably the blind imbrication of the trans- 
versalis fascia to yield recurrence rates which have been unacceptably high, Bas- 
sini 25% [20], Shouldice 9% [21], McVay 15.5% [22]. 

The most telling series to indict the poor knowledge of anatomy has been the 
publication of Obney and Chan [23]. These authors reported a series of 1057 repairs 
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on recurrent hernias and noted that 37% of the patients had an indirect inguinal 
hernia. A recurrent indirect sac is nearly an impossibility once it has been identi- 
fied and resected! In the same series, they reported an incidence of recurrence of 
45% for direct inguinal hernias, 8% for femoral hernias, while 10% had two or 
more hernias! An accurate knowledge of the anatomy could not yield this level of 
recurrence. It is evident that sacs are not being identified and that femoral her- 
nias are often overlooked. A proper dissection would not only discover those 
hernias but would expose the proper planes and tissues to be incorporated in a 
reliable reconstruction with or without a prosthesis. 

Femoral hernias represent a very special anatomical problem. They are often 
missed because they are not looked for systematically by incising the cribriformis 
fascia below the inguinal ligament to examine the femoral orifice, but also because 
the preperitoneal space of Bogros has not been entered through a division of the 
transversalis fascia to examine the femoral ring. This femoral ring is often oblite- 
rated by a fat pad which must not be disturbed because it acts as a barrier to prot- 
rusion. The ring itself is the upper end of a funnel-shaped cavity which must not 
be mistaken for a hernia. The laparoscopic surgeons are voicing that femoral her- 
nias are even more common than previously known, but published figures are yet 
to be seen. Felix has already reported the presence of 30% unsuspected indirect 
inguinal hernias in patients with direct and femoral hernias [24]. The hope is that 
femoral rings are not mistaken for hernias. 

Failure in the treatment of femoral hernias is due to the fact that few surgeons 
see enough femoral hernias; that the structures about the defect are rigid (ilio- 
pectineal tract posteriorly, inguinal ligament anteriorly, lacunar ligament, and a 
thin transversalis fascia layer over it medially) with a femoral vein laterally, which 
dictates extreme care. The defect requires coverage from the preperitoneal space 
whether it be through open or laparoscopic approach. I am of the opinion that all 
femoral hernias should be corrected with prosthetic meshes with a preperitoneal 
approach [25, 26, 27]. An accurate knowledge of the inguino-femoral area is the 
most important single asset for the surgeon who do herniorrhaphies. The dissec- 
tion according to Bassini-Shouldice-McVay would allow absolutely any repair with 
or without a mesh. 



Inguinal Hernia 

One of the most difficult parameters to establish is the frequency with which a 
certain operation is carried out within the surgical community. An important 
glimpse was provided by Des Coteaux and Sutherland [28]. They reported the 
pattern among 706 general surgeons. In primary inguinal hernia, laparoscopic 
repair was carried out on 15%; tension-free repair was used as follows: plug repair 
20%, Lichtenstein 16%; with pure tissue repair the distribution was Bassini 23%, 
Shouldice 11%, McVay 11%. For the remaining 4% no breakdown was provided. 
With recurrent inguinal hernias, the laparoscopic approach was used in 34% of 
the cases while for bilateral inguinal hernias 35%. It would have been interesting 
to obtain information as to the repartition of the alternate methods in recurrences 
as well. 
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What kinds of results are being obtained? Before answering that question, one 
must recognize that despite better communications today namely published mate- 
rial, videocassettes, internet access to live surgery, conferences in house or national 
and international, free attendance at courses paid for by a promoting industry, the 
recurrence rate generally remains between 0.2 and 15% while the re-recurrence 
rate is of the order of 8 to 33% [29]. Better results, however, are obtained by those 
surgeons who have demonstrated a particular interest in hernia as a discipline. 
Their results are continually seen in publications as they define the standards of 
the field of hernia surgery. An extensive review of results has been gathered and 
catalogued and will be recalled here [30]. Recurrence rates for Bassini repairs in 
primary hernias: 2.9% to 25%; for Shouldice repairs: 0.2 to 2.7%; for McVay: 1.5 to 
15.5%; Nyhus repair (before the use of mesh) 3.2 to 21%. On occasions, a publica- 
tion reports recurrences whose incidence makes the surgeon suspect rather than 
the operation. Re-recurrences following those same procedures are as follows: Bas- 
sini: 6.5 to 13.4%; Shouldice: 2.9 to 6.4%; McVay: 2.4 to 12%; Nyhus (before mesh) 
9.5 to 27%. One of the better-documented studies in this field is that of Obney 
and Chan who showed that multiple recurrences increase the incidence of a sub- 
sequent recurrence [23]. In their series where re-recurrences were identified as 
lx recurrence to 6x recurrence, the incidence of re-recurrence following a Shoul- 
dice repair was 2.3 to 20%, in expert hands! 

The introduction of mesh in their institution has certainly improved those 
figures. The tension-free repairs as applied to primary hernias have resulted in 
stunning results, all being below 1%. As applied to recurrent hernias, tension-free 
repairs have given good results from 0 to 3.7% [30]. 



Femoral Hernia 

Femoral hernias have for the longest time been the challenge that shamed us. 
Because the incidence of femoral herniation was small compared to the inguinal, 
it tended to efface itself from our memories. The largest series on femoral hernia 
can be reexamined and summarized here [25, 26]. In that series there were 508 
patients with a femoral hernia culled from a population of 28 179 patients (26432 
males to 1747 females) with hernias at the Shouldice Hospital. There were 331 males 
to 177 females or a male/female ratio of 1.88/1. (To clarify, en passant, an erroneous 
impression that females get femoral hernias more frequently, one can see that a 
man is twice as likely to present with a femoral hernia as a woman. However, men’s 
incidence of having femoral hernia as opposed to an inguinal hernia is 331/26432 
or 1.25% whereas a female’s incidence would be 177/1747 or 10.13%; remembering, 
of course, that women make up usually 5% of the hernia population [2]). In the 
series in question, there were 251 primary femoral hernias and 257 recurrences. 
The recurrence rate following the 251 primary femoral hernia pure tissue repair 
(McVay, Bassini’s femoral repair, Moschowitz), was 6%. Following surgery on 
recurrent femoral hernias, however, results depended on the number of previous 
attempts so that for 1 times, 2 times, 3 times, 4 times and 5 times recurrent femoral 
hernias the incidence of recurrence was 11.8%. 34.7%, 34.6%, 30%, and 75%, res- 
pectively. Such results in the hands of experts finally confirmed that mesh had to 
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be part of the solution. Femoral hernias are the only class of hernia for which a 
prosthesis must be used at all times. It is in fact the area where mesh has dramati- 
cally improved, if not eliminated recurrence altogether. All mesh techniques, essen- 
tially except for the plug, have given a recurrence rate of 0 to 1.1%! The fault of the 
surgeon here would be clear, barring the occasional case, if he did not use mesh. 



Laparoscopy 

Laparoscopic hernia surgery, from its inception, was a most difficult quantum leap 
to accomplish at once and suddenly. The concept was sound. The emulation of a 
Stoppa-like procedure through minimal access and minimal trauma was Utopian. 
It seemed that, overnight, all car drivers were expected to fly their private planes 
without necessary training and licensing. As we begin to have adequate long-term 
follow ups and reliable data by respected colleagues, we can conclude that laparos- 
copy can give excellent results. However, the popularity, simplicity, and safety of 
tension-free repairs under local anesthesia have made laparoscopic hernia repairs 
the domain of the »laparoscopic surgeon«. 

Recurrences following laparoscopic hernia surgery can be directly correlated 
first and foremost to the experience of the operator as well as to the technique [31]. 
By abandoning the plug-and-patch technique Schultz and his group were able to 
reduce their recurrences from 26% to zero [32]. Tetik and his group [33] reported a 
22% recurrence in a multicenter retrospective review of 87 patients, again with the 
plug-and-patch repair, and improved the performance to 0.7% on the subsequent 
553 patients by performing a TAPP repair. The IPOM technique is rightly losing its 
popularity due to the fact that mesh is exposed within the peritoneum, to contact 
with viscera. The TEP repair, which carries out an extensive extra-peritoneal dissec- 
tion, is finding favor and good results. Recurrences, however, can mar a laparoscopic 
repair. A review of 13 operative videotapes by Fitzgibbons [31] revealed the follo- 
wing: the mean time to recurrence was 30 weeks; the predominant cause for recur- 
rence was insufficient dissection; inadequate prosthetic overlap of the defect and 
too small a size for the prosthesis. Phillips, in a review of his group’s results on 3229 
laparoscopic herniorrhaphies, found 54 recurrences and could ascribe failures in 
the following pattern: mesh too small (36 cases, 60%), mesh not stapled (19 cases, 
32%), clips pulled through tissues (5 cases, 8%), repair not undertaken (9 cases, 
15%), more than one reason (19 cases, 30%) [34,35]. Fitzgibbons suggests that 10 x 
15 cm may be too small a size and that 15 x 15 cm would be more appropriate [31]. 
Other causes which have been suggested have been prostheses that roll up instead of 
remaining flat, a technical error due to an incomplete dissection; migration of a 
mesh which has not been stapled; a mesh which has been slit to allow egress of the 
cord may also allow a recurrence at the site of the slit; the mesh, if too small, may be 
extruded through a large defect if fixation is inadequate. A hematoma, if large 
enough, may in itself be a cause of recurrence by displacement of the mesh. 

Unlike laparoscopic cholecystectomy, laparoscopic herniorrhaphies have not 
established themselves as the gold standard and the reasons for this incite pole- 
mics ad infinitum. Whatever the causes, the end result is reflected in the pattern 
of practice as seen in Table 1. 
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Table 1. Number of surgeons who have tried laparoscopic hernia repair. 



Countries 


Primary Hernia (%) 


Recurrent/Bilateral (%) 


United Kingdom 


4 




Germany 


4 




France 


5 


16 


Denmark 


6 




United States 


8 


15 


Switzerland 


10 


12.5 


Sweden 


11 




Canada 


15 


35 


Netherlands 


16 




Austria 


19.4 


33.9 



Use of Laparoscopy [ 36 ] 

Recurrence rates will vary depending on the series, the surgeon, and his experi- 
ence. In competent hands, recurrences have been around 3% for ring closure only, 
9% for plug and patch, 2-3.3% for IPOM, 1-8% for TAPP and 0-5.8% for TER A 
recent report of 196 cases reported by C. Meyer and his group from Strasbourg, 
France [37], identified a 15% recurrence rate after 2 years. They emphasized 
that only 5% of the recurrences were symptomatic while an additional 15% 
were entirely asymptomatic and were detected at follow-up examinations! There 
is little doubt that laparoscopic herniorrhaphies can be done successfully, well, 
and efficiently. Unlike the open technique, it will require a longer period of trai- 
ning and preceptorship. An important drawback will be the rare occasion when 
a serious complication such as a vascular injury or perforation of a viscus may 
take place. 



Prostheses and Prosthetics 

Prostheses by definition are adjunct foreign materials used in the repair of hernias 
and traditionally have come in flat sheets of various sizes. Prosthetics, the noun 
as opposed to the adjective, are preformed, preshaped devices sold in a prepacka- 
ged, single-use implement. Little did I think when the Umbrella came out in 1986 
[27] that it would be the precursor of so many gadgets to flood the surgical scene 
in an attempt to corner the market. The number of gadgets presently being sold 
is too large to cover, but can be described as redundant, expensive, and tending to 
prey on the notion that they are faultless cure-alls for every hernia. They may 
be, but certainly no more than a single, flat sheet of mesh. Here again, a thorough 
understanding of the anatomy will go a long way to applying a layer of prosthesis 
in the proper plane with results which compare most favorably to any prosthetics 
or gadgets. I have always resisted the use of a plug, which deals with a defect or two 
by inserting a »cork« and ignoring the rest of an anatomy affected by a hernia 
diathesis. The plug does nothing in the way of prevention. Another objection which 
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is contributory to eventual extrusion is that it does not become infiltrated and 
wedded to the tissues. Time will undoubtedly continue to confirm this assertion, 
as it has, and as logic would dictate. 

The PHS presents an interesting dichotomy; it will work in exactly the same 
way that a sheet of polypropylene will work if properly placed in the preperitoneal 
space under direct vision or as practiced in the Lichtenstein technique with evi- 
dently as good a result. These statistics need not be republished as they are ubi- 
quitous and commonly read. Some techniques require a blind insertion of mesh 
or prosthetic into the preperitoneal space, a practice I always eschew as 1 feel that 
vision is of the utmost importance in all surgeries, particularly since the inferior 
epigatric vessel and its collaterals which make up the vasculature of the space of 
Bogros can be easily sheared from its normal, anatomical adhesions to the surro- 
unding tissues. The statistics of the Shouldice Hospital again come to the rescue. 
No gadget has ever been used in that institution though mesh is commonly used. 
Their recurrence rates remain below 1% [30]. 

More than ever, mesh has proven that it can be an absolute weapon against 
recurrence. It must be used in conjunction with an accurate knowledge of the 
anatomy. In fact, all results of various techniques using mesh have been success- 
ful when practiced by the originators Lichtenstein, Gilbert, Kugel, Valenti, Tra- 
bucco. Rives, Nyhus, or those who have championed them. A full and complete 
understanding of anatomy must remain the pillar of the hernia surgeon. Any 
technique that claims such discipline is unnecessary, and must be looked upon 
as suspect. So equipped, no surgeon can ever be intimidated by any glib pre- 
tender. 



Conclusion 

In a court of law as well as in a moral court, a recurrence will be the fault of the 
surgeon. The jury may admit extenuating circumstances such as smoking, gene- 
tic causes, and collagen imbalance. The judge may accept that an infection is an 
act of God. A jury member may permit some doubt as to the type of mesh used. 
The court may allow the fact that the surgeon was too busy to keep up to date with 
recent advances. The audience would cast a squint of a glance at the fact that the 
surgeon succumbed as an unwary victim of corporate strategy. But if an anatomist 
is called in as an expert witness, the surgeon on trial cannot hope for an absolute 
discharge. He may get away with a conditional discharge. Jail time, however, would 
be just and well spent if it were meted out along with a copy of Cooper’s Anatomy 
of the inguinal area. 
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Discussion 



Kingsnorth: Robert, one thing we should get right from the beginning is this 
business of simultaneous hernias, because from Kehlefs Danish hernia registry 
we only have 1 in 400 patients out of 30 000, simultaneous inguinal and femoral 
hernia and sitting close to Max, he would say what damage can you do explo- 
ring 399 patients unneccessarily, and the incision of the fascia transversalis 
close to the femoral vein is a potential danger here. One from 400 is very diffe- 
rent from your 13% figure. We don’t have 13% of simultaneous inguinal and 
femoral hernia. 

Bendavid: That’s because you are not looking for it. I am talking of primary first- 
hand experience, 750 cases. Everybody is doing the same and looking for simulta- 
neous hernias. In fact I have seen it published by others. The Danish data are so far 
from reality, that I cannot see where they come from. 

Kehlet: The problem is, if you really have your finger down there, you probably find 
something; but the question is what do you feel, does it need a repair? 

Bendavid: Are you talking about femoral hernias only? If you refer to femoral her- 
nias only, the 10% figure is very important. Then you shouldn’t dissect the groin 
but simply close the defect. I am talking about simultaneous inguinal and femoral 
hernia. 

Kingsnorth: There are meshes that are designed to block not only the inguinal canal 
but all hernia gaps as well. If you say 7% should have a mesh that covers the femoral 
gap it will have advantages. If its only 1 of 400 a mesh with a femoral component 
probably is not necessary. 

Bendavid: This figure of 1 to 400 does not come close to the real incidence of 2-5% 
and certainly if we look at the 10% even the 2-5% seems to be a little low. 



Gilbert: We had 1 out of 77 groin hernias. 
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Kingsnorth: But how many patients did you explore for inguinal hernia with a 
simultaneous femoral hernia? 

Gilbert: It is so small, I cannot even remember. It is insignificant. I would like to ask 
a question. You made the statement about the cremaster and the nerves.The major 
statement about preserving the cremaster is preserving the nerves. When we deal 
with using the technique of dissection, it means opening the cremaster longitudi- 
nally so that we can expose the cord completely, but when we use a mesh, the ner- 
ves are still within the substance of the cremaster. I don’t understand your state- 
ment about the cremaster, the nerves and the mesh. 

Bendavid: As you know. Prof Flament published one of the nicest reports about the 
viability of the nerves within the inguinal area. You will always see them within the 
cremaster, in particular the genital branch of the genitofemoral nerve. The other 
point is that not only may the nerve be adjacent to the mesh but also the vas, which 
might cause problems; and we are seeing it more often. Certainly in the reports, one 
figure is of 8% where there is some involvement and adhesion of the vas itself might 
create problems whether it is a pain problem called inguidynia. To protect the cord 
itself, I made the point at the beginning to do a proper Shouldice repair instead of a 
mesh, and I am sure the cord was left intact. 

Gilbert: The scar formation that occurs whether to the mesh or to the posterior 
wall, when we operate on recurrent hernia is that we found the vas secured by scar 
tissue to a poor tissue repair or mesh. It is an adhesion and to blame mesh for dyse- 
jaculation, to blame it on the mesh and not on the scar either by mesh or suture 
repair is really creating problems and hindering progress in hernia surgery. 

Klinge: What is your explanation that most of the recurrences occur several years 
after primary operation? If it is a technical fault I would assume the recurrences 
would occur earlier within the first year or the first half a year. In the data from 
Germany, most of them occur after more than 3 years. Is there a limit where you 
say that the technique should not be accused any longer? What is the explanation, 
what happens there? 

Bendavid: I didn’t bring the slide; but certainly we have divided the recurrences 
into 4, 8 and 12 years. If I remember correctly, we had something like half of the 
recurrences by 4 years, 25% by 8 and the remaining by 12 years. Depending on 
the type of recurrence you are looking at, if you look at small indirect hernia recur- 
rence you know that you have a technical error. We never had an indirect hernia 
as a recurrence. It is very tempting, of course, to say it is the collagen diseases. We 
must consider collagen diseases especially in direct inguinal recurrences. I think 
this is yet to be determined, but one of the problems also when using mesh I always 
felt is that for 5, 6 or 7 years you may have a good repair but this mesh is going to 
have again some relaxation; originally, when I started mesh I wanted to bring it to 
the preperitoneal space because then you can put a mesh that is not 10 to 7 cm but 
20 by 15 cm covering the entire area. If it is in fact the collagen disease the mesh 
should be covering a far larger area than is proposed by surgeons like Lichtenstein. 
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The other side of the coin is, when you look at the recurrences and the time many 
years later, are we going to win much time by going into the preperitoneal space; 
but when you see the ease and the speed with which you can do the simple anterior 
approach, it is very tempting. What has to be analyzed now is whether there is a 
net advantage of the more difficult Rives repair going to the preperitoneal space 
as opposed to simple anterior repair. Time will probably show that an anterior 
approach is probable enough. 




5 The Fault(s) of the Patient: 

Scar Reaction and Biological Recurrence 

R.C. Read 



Introduction 

Until the late 1960s, surgical teaching maintained that herniation was congenital, 
i.e., caused by malformation in utero. Recurrence was ascribed to technical faults, 
infection, or the patient’s failure to continue strict bed rest for 10 days, followed 
by 6 weeks of minimal activity. Even though the possibility of connective tissue 
pathology playing a role was broached in the 1920s [1-3] and early ambulation was 
pioneered as early as 1899 [4], Zimmerman and Anson, in their textbook (1967) 
[5], repeated the dogma - the tissues were normal and would stay so, apart from 
muscle wasting with age. 

The Fault(s) of the Patient 

Fault 1 . Systemically Diminished Fibroblast Synthesis of an Abnormal 
Collagen 

Modern thought regarding etiology of inguinal hernia, the most common form of 
abdominal herniation, began in 1964 with Wirtschafter and Bentley’s study [6] of 
the Geiger et al. (1932) [7] lathyrogen method for producing such defects in young 
rats. They concluded »It is possible that other types of hernias, i.e., congenital, may 
also be related to a similar collagen maturation defect«. In 1967, 1 commented on 
an unusual case. A young man (27 years old) who lifted weights presented with a 
direct, rather than the anticipated indirect inguinal hernia. At operation, hyper- 
trophied groin musculature had broken through frayed fascial and aponeurotic lay- 
ers. The anterior rectus sheath was attenuated [8]. Six years previously, this smoker 
had been noted to have a unilateral bulge. I wondered [9] whether he suffered from 
some unrecognized connective tissue disorder. 

Studies were initiated on metabolic aspects of inguinal herniation, resulting 
in a series of papers [10-14] detailing evidence for a quantitative and qualitative 
deficiency in collagen, expressed by fibroblasts, cultured from the rectus sheath 
and present in the skin of veterans, most (75%) of whom admitted to smoking 
heavily. The pathology differed from lathyrism in that cross-linking was present, 
despite disorganization of the collagen lattice on electron microscopy. Some colla- 
gen was intracellular, fibers varied in diameter, and their extractability was increa- 
sed. These findings suggested an abnormal immature collagen. We concluded that. 
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in these adults, groin herniation was a manifestation, at a locus minoris resisten- 
tiae, of systemic disease of connective tissue. This finding was supported by Pea- 
cock and Madden’s report (1974) [15] of transversalis fascial degradation, on the 
asymptomatic side, in half of a series of their patients operated upon for unilate- 
ral inguinal defects. Similar observations were later made by Berliner (1978) [16], 
Nikolov and Beltschev (1990) [17], Ajabnoor et al. (1992) [18], and Pans et al. (1997) 
[19]. 

A consistent finding, both in our original studies and the later work, has been 
that the damage to collagen was more marked with direct inguinal defects than 
indirect. This observation indicates that the presence of a patent processus vagina- 
lis facilitates herniation, allowing it to occur with less fascial and aponeurotic 
attenuation. 



Fault 2. Protease-Antiprotease Imbalance 

In 1981, we described [20] enhanced elastolytic activity in the blood of adults with 
inguinal herniation. It was coupled with reduced antiprotease (alpha- 1 antitrypsin) 
capacity. We theorized that the imbalance had »metastasized« from emphysema- 
tous lung where the proteases had been released from leukocytes (neutrophils and 
monocytes) primed by smoke. Weitz et al. (1987) [21] provided independent sup- 
port for our hypothesis when they »unequivocally recovered the fingerprints of 
free, active, neutrophil elastase (increased fivefold) « from the plasma of cigarette 
smokers. 



Fault 3. Reduced Collagen Type l/lll Ratio 

Collagen, the main protein of the matrix, exists in 19 forms. However, type I 
and type III make up 95%. Normally, the type 1/type III ratio is about four to 
one. Friedman et al. (1993) [22] were the first to document a significantly reduced 
figure in patients with inguinal herniation. Fibroblasts, cultured from the skin, 
doubled their genetic expression of type-III collagen. Overabundance of the latter 
leads to an increase in nonpolymeric, extractable collagen, by inhibiting normal 
cross-linking of and with predominant type I. The resulting fibers are isolated, thin, 
and weak. They are more susceptible to breakdown by enzymatic lysis. Bellon et 
al. (1997) [23] reported that, in transversalis fascial biopsies taken from younger 
and older adults with inguinal herniation, the ratio was similar for those with eit- 
her indirect or direct defects. 

Klinge et al. (1999) [24] also studied transversalis fascial biopsies taken from 
elderly patients with inguinal herniation. They found, similarly to Friedman et al. 
(1993), in the skin, that the type I/III ratio was significantly (p <0.001) reduced, 
regardless of defect, because of increased type III synthesis. Later (2000, 2001) this 
Aachen group obtained similar findings in skin, fascial, and peritoneal biopsies 
from patients with incisional hernia [25, 26]. Recently (2002) [27], to rule out any 
local mechanical effect, these authors showed that fibroblasts, cultured from skin, 
distant from the protrusion, overexpressed type-III procollagen mRNA. 
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In an important study [28], He et al. (2002) from China point out that collagen 
has been shown to regulate cell adhesion, morphology, migration, growth, and 
differentiation besides its own mechanical structure. Further, they provide evi- 
dence that it uniquely inhibits hydroxyl ion generation, thus protecting fibrob- 
lasts from apoptosis. This latter effect explains why an abnormal collagen, with 
altered I/III ratio, would allow superoxides to age and kill fibroblasts, as has been 
observed in hernia patients. 



Fault 4. Tissue Metalloproteinase (MMP) Activity 

This family of soluble, zinc-dependent enzymes produced by neutrophils, macro- 
phages, smooth muscle cells, and fibroblasts is capable of breaking down compo- 
nents of the extracellular matrix. When triggered, they are expressed in latent 
form, which is activated by a highly reactive oxygen metabolite, hypochlorous 
acid. Reports describe their presence in wounds, arthritis, cirrhosis, and malig- 
nancy. They have been differentiated from serine proteases elaborated mainly by 
leukocytes. 

Jackson et al. (1996) [29] were the first to identify their presence in hernio- 
logy. Levels in biopsies taken from the vaginal wall of premenopausal women 
suffering from genitourinary prolapse were seven (MMP-2) and four (MMP-9) 
times normal. Bellon et al. (1997) [23] found MMP-2 to be highly concentrated 
in the transversalis fascia of young men with direct but not indirect inguinal 
defects. In a later study (2001) [30], cultured fibroblasts from the same tissue 
showed MMP-2 genetic overexpression. Klinge et al. (1999) [24] observed normal 
amounts of MMP-1 in the epidermis of skin biopsies taken from patients with 
inguinal herniation, whereas MMP- 13 was absent, as it was in controls. Fibrob- 
lasts cultured from the skin of those with primary inguinal herniae expressed 
MMP-1 mRNA equivalent to controls. MMP- 13 mRNA was absent in both. They 
concluded these two particular MMPs were not involved in the development of 
primary inguinal herniation [31]. In a third of patients with incisional herniae, 
fibroblasts from the skin, when cultured, expressed MMP-13 [25]. 



Fault 5. Cigarette Smoking 

In our original work in the 1970s, veterans who presented with primary inguinal 
herniation were twice as likely to admit use of tobacco than the overall population 
attending the hospital. This latter incidence was higher than in the USA at large, 
since free cigarettes, supplied by tobacco companies, were sent up with the rations 
in World War II and subsequent conflicts. Bielecki and Pulawski (1988) [32] con- 
firmed that this addiction was indeed significantly (p <0.01) more common in 
patients who presented with herniation, especially women. The latter, if they smoke 
more than 20 cigarettes a day during pregnancy, have babies with an increased 
prevalence of congenital inguinal hernia, perhaps because of preterm birth [33]. 

The damage wrought by nicotine addiction relates to how much smoke, with its 
content of 4000 already identified toxic chemicals, can be made to enter the body 
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on a daily basis. The tragedy is compounded by the fact that the craving for nico- 
tine is even more powerful than that for heroin or cocaine. Attempts at eliminating 
it too frequently fail. 

Tobacco smoke condensate decreases collagen synthesis of skin fibroblasts in 
vitro [34]. Skin of smokers contains significantly more metalloproteinase (MMP-1) 
than that of non-smokers [35]. Knuutinen et al. (2002), while not confirming the 
latter form, did find, in the skin, synthesis of collagens to be significantly reduced 
and MMP-8 levels doubled in smokers, regardless of age. Inhibitor levels were lowe- 
red by an average of 14% [36]. These findings explain wrinkling and premature 
aging of the skin in smokers. Presumably the effect is systemic, with the connective 
tissue matrix being affected in other parts of the body. 



Fault 6. Connective Tissue Laxity (Joint Hypermobility) 

In 1986, Jensen et al. [37] reported that patients with congenital dislocation of the 
hip joint (CDH) had a reduced collagen Type I/Type III ratio. Two years later, Uden 
et al. [38] pointed out that, in these affected children, inguinal herniation was preva- 
lent. In girls, its presence was five times normal, while in boys it was thrice as 
common. They considered this increase to be a sign of general connective disor- 
der. Friedman et al. (1993) [22] studied a small series of men with inguinal hernias. 
They were younger (17-67 years) than usual, the majority having a familial history. 
A third demonstrated joint hypermobility compared to a population percentage of 
only five. All had indirect defects. Their type I/type III collagen ratio was somewhat 
lower than the reduced levels found in those having hernia with normal mobility. 

Benign familial hypermobility, which in most cases affects only one member 
of a family, is apparently inherited in an autosomal recessive fashion rather than 
the dominant mode seen with classical Ehlers-Danlos syndrome [39]. It is probably 
more common than surgeons realize. 



Fault 7. Genetic Susceptibility 

There is a strong familial tendency to groin herniation. Watson (1938) reported that 
a quarter of his patients gave a history of a similar diagnosis being made in their 
parents or grandparents [40]. A study of 280 families with indirect inguinal hernia- 
tion in China indicated that transmission was autosomal dominant with incom- 
plete penetrance of a preferential paternal factor [41]. Various connective tissue 
disorders are known to result from genetic mutation. These include hip dislocation 
of childhood, homocystinuria, congenital elastosis (cutis laxae), and Marfan’s or 
Ehlers-Danlos syndromes. They all have an abnormally high (3-5 times) incidence 
of multiple and familial herniae [38]. 

The first biochemical abnormality to be identified in this group of genetic 
diseases was lysyl hydroxylase deficiency [42]. Affected patients have disorgani- 
zed collagen fibers with inadequate cross-linking. A total of 35 collagen genes have 
now been established which encode the chains of 20 collagen types. Morris-Stiff 
et al. (1997) [43] and Lederman et al. (2000) [44] have recently brought up to date 
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the evidence that autosomal dominant polycystic disease, the most common gene- 
tic illness in the US, belongs on the list of disorders frequently (43%) coupled with 
abdominal herniation and diverticulitis. Alterations in collagen and elastin have 
been documented in colonic specimens. The abnormality in the basement mem- 
branes of the kidney is known to result from disordered production of the extra- 
cellular matrix. Of interest is not only the presence of renal and hepatic cysts, but 
also cerebral aneurysms (10-19%) and cardiac valvular disease (mitral valve pro- 
lapse, 26%). 



Fault 8. Aging 

Despite the high incidence of groin herniation in infancy, the majority with 
this lesion present more than 50 years after birth [45]. Muscle wasting, which 
degrades the shutter mechanisms, has been blamed. A decrease in oxytalan fibers 
and the amorphous substance of elastic fibers in the transversalis fascia has also 
been described [46]. Further, skin biopsies from the elderly have yielded increa- 
sed MMP-2 and MMP-9 activity. This was accompanied by reduced levels of tis- 
sue inhibitors [47]. In addition, deposition of collagen after surgery decreased sig- 
nificantly as men, but not women, age [48]. Premenopausal women also deposit 
more collagen than male controls during healing of an experimental wound [49]. 
Recently, collagen synthesis in the elderly has been shown to be significantly enhan- 
ced by the oral administration of certain amino acids [50]. The ratio of indirect to 
direct defects changes little in the elderly since, in 20%, patency of the processus 
vaginalis persists up until death. The preperitoneal fat pad diminishes with inani- 
tion, thereby releasing »lipomata« to form fatty herniae. The continuing increase 
in longevity makes these aging »faults« more significant. Thus, in Bassini’s day a 
man was lucky to live to 50 years of age; now (if he doesn’t smoke!) he can reali- 
stically hope for 80. 



Fault 9. Coincidence of Aneurysm (AAA) with Herniation 

In 1984 [51], our group reported that patients with AAA, but not those with Leri- 
che syndrome, had twice the normal incidence of inguinal herniation. Stevick et 
al. (1988) [52] made similar observations in regard to incisional herniation (3.7x) 
following laparotomy for AAA. These findings have been repeatedly confirmed 
since. Pleumeeckers et al. (1999) [53] showed that the prevalence of AAA was more 
than three times greater in the elderly with a history of inguinal herniorrhaphy as 
compared to those without. They recommended that the former be screened with 
ultrasound. 

In 1980, Swanson and coworkers [54], noting that laparotomy may precipitate 
rupture of an asymptomatic AAA, suggested that collagenolysis might be activated 
by a systemic response to infection or trauma. That year, collagenase activity was 
first detected in aneurysmal wall by Busuttil et al. [55]. Later (1982), the same group 
[56] found elastase there, but again it was not present in patients with Leriche 
syndrome. The same year [20], a reduced collagen I/III ratio was described, in dis- 
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cussion, by Busuttil in patients with AAA. We found (1982) [57] a similar patient 
dichotomy for heightened blood elastolytic activity, even though heavy cigarette 
smoking was rife in both groups. Cohen et al (1989) [58] confirmed these observa- 
tions. In 1985, BusuttiFs group [59] identified a metalloproteinase circulating in the 
blood stream of patients with AAA. It is now considered to be MMP-9 secreted by 
neutrophils. 

Other MMPs have since been identified in patients with AAA. MMP-1, a colla- 
genase, was that identified by Busuttil (1980) [55] in aneurysmal wall. MMP-2 is 
thought to play an important role in the early stages of aneurysmal disease. MMP-3, 
-12, and -13 have also been found in AAA. The crucial role of these enzymes in the 
development of AAA has been dramatically shown by the failure to produce this 
lesion experimentally when mice genetically deficient in their expression are used 

[60] . MMP-9 plasma concentration may predict the natural history of small AAAs 

[61] . 

Tissue inhibitors of MMPs have a reduced capacity in patients with AAA. They 
appear to be overwhelmed [62]. A state of protease-antiprotease imbalance is pre- 
sent as in herniation. Doxycycline, a synthetic tetracycline, which inhibits MMPs 
is presently being investigated as a means to prevent expansion and rupture of 
small AAAs. Early results are encouraging. Efforts are also being made to control 
the inflammatory response to broken-down components of connective tissue, a 
reaction which stimulates infiltration of the aneurysmal wall by leukocytes [63]. 

The first clear association between smoking and AAA was provided by the Fra- 
mingham study (1967) [64]. The Whitehall investigation [65] reinforced this relati- 
onship. It showed that aneurysmal growth rate rose along with the use of tobacco. 
The number smoked and the depth of inhalation correlated with the likelihood. 
The formation, expansion, and rupture of intracerebral aneurysms, once consi- 
dered congenital, has also been ascribed to cigarette smoking. Their incidence rose 
eightfold in patients suffering from alpha- 1 antitrypsin deficiency, another cause 
of systemic protease - antiprotease imbalance [66]. Even when present, this inhi- 
bitor can have its function reduced 2000-fold by smoke, since the latter’s oxidant 
content reacts with the active methionine radical [67]. Cronenwett et al. (1984) [68] 
found the presence of COPD to be the best predictor of rupture. 

The fact that heavy smokers who go on to develop vascular disease may either 
produce AAA with an increased incidence of herniation or Leriche syndrome with 
a normal frequency of abdominal herniation has important genetic implications. 
It suggests that there is a constitutional susceptibility for both AAA and herniation. 
Armstrong et al. (2002) [69] have in fact demonstrated a differential gene expres- 
sion in the human aorta which determines whether aneurysm or occlusion results. 
Five of 265 genes examined behaved differently, with the majority affecting colla- 
gen. AAA has a well-recognized familial tendency, is seen more in the elderly, and 
is found two to three times as frequently in those with connective tissue laxity [70]. 

It is indeed remarkable that, as the evidence presented above indicates, two such 
disparate conditions as hernia and aneurysm should turn out to share so many 
features. Patient faults are almost identical. Since the latter entity can be lethal, it 
is not surprising that more research has been undertaken on it. 
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Fault 10. Co-Morbidity Medications 

Much of the disease associated with herniae results from the many sequelae of 
cigarette smoking. The addictive drug, nicotine, is known to affect connective tis- 
sue. Inhibition of fibroblast proliferation, chemotaxis, and prostacycline formation 
have all been ascribed to this alkaloid [71]. More recently, ACE inhibitors have 
been shown to affect the expression of collagens by blocking mitochondrial sig- 
naling pathways. They may also alter MMP, cytokine, tumor necrosis factor, and 
interleukin activity [72]. In a recent review of wound healing, these antihyperten- 
sives were blamed for repeated recurrence after inguinal hernia repair [73]. Nitric 
oxide inhibitors increase the expression of MMP-9 in the wall of the aorta, thus 
influencing aneurysm formation with or without coincident herniation [74]. Insulin 
facilitates entry into the cell. Its absence or ineffectiveness, in the diabetic, dama- 
ges intermolecular transport throughout the matrix. These data indicate that preo- 
perative therapy for co-morbidity may jeopardize wound healing after repair, 
thereby causing recurrence. Continuing the parallelism with AAA, Wilmink et al. 
(2002) recently showed that calcium- channel blockers were an independent risk 
factor for this lesion [75]. 

Scar Reaction and Biological Recurrence 

How does wound healing differ in hernia patients? Evidence presented above 
indicates that, apart from the young who present with delayed maturation, most 
suffer from a number of metabolic faults. These include systemically diminished 
collagen synthesis, protease-antiprotease imbalance, reduced type I/III collagen 
ratio, MMP hyperactivity, cigarette smoking, connective tissue laxity (joint hyper- 
mobility), genetic susceptibility, aging, coincidence of AAA, and co-morbidity 
medication. Since the systemic effects of smoke are presumably unaffected by 
short periods of abstinence, which is difficult to achieve anyway, all the faults per- 
sist postoperatively. 

Recent data confirm this fact. Specifically, high levels of MMP-9 are found 
normally in the wound during the first day or two reflecting the inflammatory 
phase. They, however, should then wane. Thus, after 48 h, concentration of MMP-9 
is negatively associated with collagen accumulation and is therefore an inverse 
predictor of healing [76]. Interestingly, as mentioned previously, it may also pre- 
dict the natural history of small AAAs [61]. Witte et al. (1998) [77], in a rat 
model, showed that MMP inhibitors increased wound strength. Thus, as in war- 
ding off expansion and rupture of small aneurysms, such drugs may help to pre- 
vent recurrent herniation. 

With regard to cigarette smoking, this habit has been shown to impair wound 
healing after a number of different surgical procedures. Cosmetic complications 
have followed skin flaps; they include necrosis, infection, and dehiscence. In a pros- 
pective study of standardized laparotomies, the scar was broader and thinner in 
those who smoke [78]. Scott (1997) [79] found that recurrence after herniorrhapy 
was twice as likely to be seen in smokers than those presenting for primary repair. 
The damage has been blamed on vasoconstriction, hypoxia, and carboxyhemoglo- 
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bin formation. Fibroblast function is affected as measured in patients with primary 
or recurrent incisional herniation [80]. 

Jorgensen et al. (1998) [81] in a prospective, double blind, study, using a subcuta- 
neous wound healing model in young volunteers, found that smokers deposited, 
at 10 days, about half the hydroxyproline that nonsmokers produced in granula- 
tion tissue. The impairment did not affect other proteins. Cadmium, hydrogen cya- 
nide, and others among the 4000 known toxic, gaseous, or particulate components 
of smoke are known to inhibit fibroblast proliferation, oxidative enzymes, and the 
delivery of oxygen at the cellular level. Stable cross-linking of collagen depends on 
hydroxylation, which requires molecular oxygen. The number of cigarettes smoked 
predicted the amount of collagen deposited in the model. Thus, the proper conclu- 
sion is from Sorensen et al. (2002): »The risk of recurrence of groin hernia is sig- 
nificantly increased in smokers, presumably due to an abnormal connective tissue 
metabolism« [82]. They made this statement after completing a detailed study, in 
which the relationship between cigarette smoking and recurrent groin herniation 
was significant, negative, and independent of 16 other intraoperative and patient 
disease variables. 

Most recently, Zheng et al. (2002) [83] have shown that the skin of patients with 
recurrent inguinal herniation, as would be expected, exhibits many of the ‘faults’ 
which have been considered to cause primary defects. Thus, compared to skin biop- 
sies taken from patients without herniation, cultured fibroblasts secreted collagen 
whose type I/III ratio was markedly reduced by increased type III synthesis. A con- 
comitant increase in MMPs (-1 and -13) was also observed. Similar findings had 
been reported earlier (2000) from the same group in patients with recurrent inci- 
sional herniation, particularly in their scars. It is of interest that only a third of 
those operated upon for primary incisional herniation, and none treated for first 
time inguinal herniation, showed these changes. This finding would suggest that 
recurrence takes place in those who have the highest number of »faults«. It would 
then be the end result of a failure to remodel properly, secondary to abnormal colla- 
gen synthesis and persistent postoperative MMP activity. Even if wound healing is 
eventually successful, it takes longer before sufficient type-I collagen matures to 
provide tensile strength. 

In their most recent contribution [84], the Aachen investigators point out that 
during scar formation, the type III collagen percentage normally falls from 80 to 
15. They found, after laparotomy in rats, that the type III collagen elevation is less 
when a running closure with a suture to wound length ratio >4.1 is used. Total 
collagen increases as wound tension decreases. They suggest their findings relate 
to strangulation of the blood supply. 



Conclusion 

Thirty years ago, it was proposed that inguinal herniation, in the adult, resulted 
from systemic disease of collagen. Subsequently, limited research has confirmed 
this concept and extended it to incisional herniae. Further, ten constitutional and 
acquired connective tissue faults have been identified. Recurrence is associated 
with an increase in their number and/or severity. 
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More research is required to correlate these metabolic defects. Nevertheless, this 
new information almost mandates tension-free prosthetic repair. It also questions 
the contribution work-related stress makes to rupture of already damaged tissues. 
Preoperative screening for patient faults should now be considered for those at 
increased risk of second herniation, recurrence, or incisional protrusion. Available 
prophylaxis includes smoking abstinence, aneurysmectomy, bilateral groin repair, 
antiprotease medication, and laparotomy closure using selvage. 
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Discussion 



Kingsnorth: If we exclude smoking, which is very prevalent amongst patients with 
hernia, for what percentage of patients would any of these other nine factors be 
significant in terms of the etiology of hernia? 

Read: That is a question that we do not know. There are no data. We need, as I say, 
to identify hernia in a patient as a clinical problem with the presence or absence 
of these identified risk factors. There are no data available. We have to start deve- 
loping data because this question is really important. 

Kingsnorth: You cannot therefore suggest screening, because you don’t know 
whether it’s cost-effective because you don’t know the percentage of patients 
involved. If only 5% of patients have these other nine factors or 0.5% it will be 
pointless in screening everybody, if it may be 50%. 

Read: Right, we need to do some research in this area. With other words, we don’t 
know the answer to this because we need to examine this question. I believe it’s 
more than 5%. Watson found that a quarter of his patients represented in his 
practice with a hernia has a family history. And what is the significance of a 
family history? 
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Kingsnorth: There are a couple of very good studies from geneticists about ingui- 
nal hernia. And it’s a very complex subject. You have to look at pediatric hernias, 
at adult hernias. The congenital compound is very, very small and it exists only 
for very young girls with bilateral hernias, and the risk factor for their sisters and 
brothers is different. 

Read: It is a complex problem. I just presented what is known today, we have to 
get busy and we need some more data from this particular point, in how many 
patients these factors seem to play a role. 

Schumpelick: Maybe we can influence some of these factors by diet or training or 
drugs. Is there any effect of any treatment? 

Read: Well, I think that is one of the reasons that I put the information as a que- 
stion. The point is, we have to get out and try. In the elderly who have evidence of 
poor collagen synthesis, we can turn this to normal if we give them some intrave- 
nous proteins. If a patient is on ACE inhibitors for hypertension, we should change 
the treatment for hypertension to diuretics if he is going to have a herniorhaphy. 
We should take the information and start applying it as surgeons and as doctors. 

Greissler: Certainly patients with aneurysmas showed an alteration of MMPs and 
collagens. Most of them have some inflammatory reaction. Most of this is locali- 
zed in the inflammatory cells and the tissues. Is there any hint of an inflammatory 
problem in hernia patients? 

Read: I am not sure that all of these MMPs that are found in the wall of aneurysm 
are produced by inflammatory cells. I think that the fibroblasts are altered in these 
patients to produce some of these MMPs by themselves and even the endothelia 
cells. I think there is a certain role of inflammatory cells in aneurysm that may not 
be present in the hernia patient, but I think the evidence is that there is free pro- 
teolytic activity in the blood of patients that have aneurysm, that shouldn’t be there, 
which a normal patient didn’t show. We know from the work of Aachen that the 
normal hernia patients don’t have this proteolytic activity in the blood stream; but 
incisional hernia may have and recurrent hernia patients certainly have. 




6 Collagen - the Crucial Cause? 

Molecular Regulation of Collagen Synthesis 

Petra Lynen Jansen, Monika Knopps, R. Rosch, P.R. Mertens 



While most clinical studies on hernia disease are focused on treatment options 
and outcome, less is known about endogenous and exogenous triggers that are 
responsible for hernia development. Epidemiologic data clearly reveal that there 
is a correlation of hernia disease with male gender and age. On the other hand, 
recent studies underscore the importance of exogenous factors like smoking [1] 
with hernia disease, as smoking is significantly associated with inguinal hernia 
recurrence and concomitantly decreases the synthesis rates of type-I and -III colla- 
gens in vivo. As a consequence an altered balance of extracellular matrix compo- 
nents can be found [2]. Further in vivo studies have analyzed changes of collagen 
synthesis and metabolism in tissue samples from hernia patients: the rectus sheet 
of patients with inguinal hernia has been found to be thinner and with irregularly 
arranged collagen fibers that exhibit a disturbed collagen hydroxylation [3-6]. Wit- 
hin the fascia transversalis an alterated collagen framework leads to increased tis- 
sue elasticity [7-10], In vitro investigations of the rectus sheet and the hernial sac 
showed a decreased fibroblast proliferation and prolin incorporation [11]. 

The important function of collagens in providing structural integrity is illust- 
rated by the consequences of their mutations in a number of human diseases and 
in transgenic animal models [12-14]. These mutations result in disorders with a 
broad range of clinical phenotypes, some of which include hernia disease [15-18]. 

With regard to incisional hernia, an impaired collagen metabolism is hypothe- 
sized to disturb the wound healing process with the consequence of recurrence 
[19]: during the inflammatory phase extrinsic cells, e.g. macrophages, are recruited 
and cause natural cleansing [20]. In the proliferation phase collagen acts as a scaf- 
fold for fibroblast attachment and, by changing its composition, imparts strength 
to the scar tissue over time. Particularly type-I collagen confers tensile strength 
whereas type-III collagen consists of thinner fibers and is regarded as a tempor- 
ary matrix during tissue remodeling [21, 22]. Therefore a shift of the collagen ratio 
in favor of the immature type-III collagen results in a loss of tensile strength. A 
decreased ratio of type-I/type-III collagen can be detected in tissue specimens 
obtained from patients with incisional hernia disease [23, 24]. 

The complexity of the wound-healing process that embraces the scenario of 19 
different collagens and an ever increasing number of chemokines and cytokines 
orchestrating cellular interactions makes a simplistic picture very unlikely. In this 
respect, a reductive approach may provide further insight. By focusing on primary 
fibroblast cell cultures obtained from healthy donors or (recurrent) incisional her- 
nia patients, an altered collagen and matrix metalloproteinase gene expression pro- 
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file is apparent. Again, a decreased ratio of type-I/type-III collagen could be found. 
Concomitantly, MMP-2 expression is upregulated in hernia patient fibroblasts. It 
has to be stressed that these changes are detected in the absence of inflammatory 
cells. These results indicate that an altered fibroblast phenotype is retained under 
in vitro conditions and thereby is accessible to ample in vitro investigations. 

By obtaining family histories from patients with (incisional) hernia, an increa- 
sed incidence has been described, and genetic studies to identify gene polymor- 
phism(s) or mutation(s) will be of great value. With respect to the penetrance of 
the phenotype, not a single gene may be of importance. It is more likely that hernia 
disease occurs as a multigenetic trait. As a result of gene polymorphism(s) within 
promoter sequences, transcription factor binding may be impaired with changes 
in gene transcription. Mechanisms underlying collagen gene regulation are extre- 
mely complex. Not only that collagen genes must be coregulated, e.g., the alpha 1 
and alpha2 collagen chains at a 2:1 ratio for synthesis of type-I collagen, recent 
studies reveal that stimulatory and repressive trans-regulating factors act in con- 
cert. With respect to the human type I (a2) collagen gene, several regulatory ele- 
ments are characterized which are bound by transcription factors YB-1, CBF, AP-1, 
SPl, and Ets-1 (Norman et al. for review). Higashi et al. recently describe that YB-1 
mediates transcriptional repression of human type I {al) collagen gene expression 
after interferon-y stimulation [25]. Our research group focuses on the promotor 
region of the human type III (al) collagen gene as a candidate gene for hernia 
disease. However, it has to be kept in mind that such analyses require a close cor- 
relation with clinical phenotypes. As the hernia disease is more commonly found 
in elderly patients and may be confounded by exogenous factors like smoking 
habits or medications (e.g., steroids) such genetic analyses are difficult to perform 
until the advent of »herniogenetics«. 

Mesh implantation is another stimulus influencing collagen metabolism. In fact, 
our preliminary in vitro data show that human primary fibroblasts respond to mesh 
incubation with a modified expression profile for type-I and -III collagen, MMP-2 
as well as transcription factors Ets-1 and SPl. 

The understanding of the molecular regulation of collagen synthesis will be 
crucial for the development of modified meshes with the aim of increased type-I 
collagen expression and reconstituted balance of collagen metabolism. 

As an outlook, one may envision microarrays as predictive diagnostic tests for 
the identification of patients at risk for hernia disease as well as for an optimized 
treatment with biomaterials. Furthermore, advances in high-density DNA micro- 
array technology will allow for a more systematic screening of genes with putative 
relevance to hernia disease to unravel signature genes or gene clusters that are asso- 
ciated with the phenotype of hernia disease. 
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Discussion 



Deysine: It was fascinating to see so many things I don’t understand. I have ope- 
rated on four patients with Ehlers-Danlos syndrome. 

Mertens: Ehlers-Danlos is a type-I collagen disease. There are mutations and this 
fits very nicely. Actually, when you look at the field, and I am interested mainly in 
type-I collagen, it is exploding. There is an increasing number of reports about 
mutations, just recently 2 weeks ago, they found out that the processing of colla- 
gen type I is dependent on a very little loop structure just in the regulatory ele- 
ments. So if you look at these things that haven’t been known until now, and we 
examine them systematically, you will find the reason for the recurrence rate to 
go down. From my point of view the techniques to treat a hernia are an important 
issue, but this will give the answer why even the best surgeon won’t bring it down 
to zero. We really have to think further. 

Kingsnorth: Could I ask about the polymorphism you mentioned? We know that 
in most instances there is no family history for those patients, it’s a sporadic 
disease. So, how many genetic polymorphisms do work, is the linkage going to be 
a huge, huge number of interactions of abnormalities of collagen metabolism or 
do you think it is just a handful? 

Mertens: There is only one study on hernia disease and family history, a study 
from Turkey, where you have larger families and where you can look at larger 
groups. The most important thing is, if you can say this patient has a negative 
phenotype and this one has a positive. At which age do you want to decide 
whether this patient won’t get a hernia later on? However, this study revealed 
that there was a family-associated penetrance. If you make very thorough inve- 
stigations about the family burden, you very often find a familiar trade. Another 
study I am involved in is Ig-G nephropathy, a very interesting disease for 
nephrologists. Everybody was saying it is a sporadic disease. The Italians say, no, 
it is also sometimes familiar. We looked at our patients and found out, though 
we didn’t have only one family, we had 20% of our patients with a familiar bur- 
den. The question is how deep you go in the history of the disease. It is still a lot 
of work. 

Kehlet: Could you give a comment on the genetic disposition difference between 
direct and indirect hernia? 

Mertens: We didn’t have data on that. It should be done. 

Read: You mentioned that the fibroblast, as an abnormal physiological act, may 
secrete collagen and MMPs. What is the rate of secretion of the fibrobasts sti- 
mulated by the inflammatory cells? It seems to me that under some conditions 
the fibroblasts seem to do as much as the inflammatory cells, e.g., release of 
MMP. 
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Mertens: It is impossible for me to give a short answer as I am an expert for 
MMP-2. MMP-2 most people regard as a positive enzyme, increasing the turnover 
of the extracellular matrix. When you remove MMP-2, the inflammation goes out 
of the kidney disease. When you add MMP-2 you get a progression, so MMP-2 is 
a bad guy, but it is very complex. 



7 Pharmacotherapy of the Wound - 
Prevention of Hernia? 

C. WiCKE, S. CoERPER, H.D. Becker 



Introduction 

Repairs of inguinal and abdominal wall hernias are the most frequently perfor- 
med operations in general surgery. Tissue approximation techniques have been 
the main method of repair for inguinal hernia over the past 100 years. Postopera- 
tive discomfort and the recurrence rates have led surgeons to question these techni- 
ques. Advances in biomaterials, suture material and surgical techniques have influ- 
enced the methods of modern hernia therapy. With the development of synthetic 
meshes, alternative methods, including laparoscopic techniques, were tried. 

The goal of hernia surgery is an optimal healing of an acute fascial wound 
or defect. An improved understanding of the cellular and molecular mechanisms 
of acute tissue repair now make a biological approach to the problem of inguinal 
hernia repair possible. Ideally, pharmacotherapy of the wound in hernia surgery 
should stimulate well-organized new scar formation with increased tensile strength 
and thus, decreased recurrence rates and increased patient comfort. 

Wound healing is a dynamic, interactive process that involves soluble media- 
tors, blood cells, extracellular matrix, and parenchymal cells [1]. Wound healing 
has three phases - inflammation, tissue formation, and tissue remodeling - that 
overlap in time. Inflammation is characterized by the recruitment of inflammatory 
leukocytes and the secretion of mediators that attract and activate macrophages 
and fibroblasts. Platelet-derived growth factor and vascular endothelial growth 
factor initiate the formation of granulation tissue and the formation of new blood 
vessels. Five to 7 days are required before peak levels of fibroproliferative growth 
factors like transforming growth factor- p (TGF-P) are reached within acute 
wounds. Tissue remodeling during the transition from granulation tissue to scar 
is dependent on continued synthesis and catabolism of collagen at a low rate. 
Gain of tensile strength and wound contraction finalize the wound-healing pro- 
cess. Nevertheless, wounds never attain the same breaking strength as uninjured 
skin. At maximal strength, a scar is only 70% as strong as normal skin. 



Experimental Background 

Scar formation in any tissue must be regarded as a dynamic process. The amount 
and the quality of scar formation in the presence of various pharmaceutical sub- 
stances has been extensively studied [2, 3]. The gain of tensile strength has been 
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the focus of these studies as a marker of improved wound healing. Mustoe et al. 
demonstrated a dose-dependent, direct stimulatory effect of a single application 
of TGF-C on the breaking strength of healing incisional wounds [4]. An increase 
in maximum wound strength of 220% of control was observed at 5 days; the hea- 
ling rate was accelerated by approximately 3 days for at least 14 days after pro- 
duction of the wound and application of TGF-p. There is evidence that acute fas- 
cial separation leading to hernia, occurs in the early phase of wound healing, when 
tensile strength is low or absent [5]. Franz et al. developed a model of abdominal 
wall repair that simultaneously characterizes differences in the wound-healing 
trajectories of the fascia and the skin. They found that fascial wound-breaking 
strength exceeded dermal wound-breaking strength at all time points (7, 14, and 
21 days), and fascial wounds developed greater fibroblast cellularity and greater 
collagen staining postoperatively [6]. Adult wounds heal with scar- tissue forma- 
tion, whereas fetal wounds heal without scarring and with a lesser inflammatory 
and cytokine response. Shah et al. injected the margins of healing dermal wounds 
in adult rats with neutralizing antibody to TGF-P [7]. All control healed with scar- 
ring, whereas the neutralizing antibody-treated wounds healed without scar-tis- 
sue formation; these wounds had fewer macrophages and blood vessels, lower 
collagen and fibronectin contents, but identical tensile strength and more normal 
dermal architecture than the other wounds. Early manipulation of the concentra- 
tions of selected cytokines may be a new approach to the control of scarring. 
Growth factor concentrations were studied in an animal ventral hernia model 
[8]. Serial wound fluid samples showed that vascular endothelial growth factor, a 
prominent regulator of wound angiogenesis, is present at biologically significant, 
elevated levels in abdominal wall fluid. 



Impaired Wound Healing and Hernia Repair 

There are multiple conditions associated with abnormal wound healing inclu- 
ding malnutrition, immunosuppressive therapy, diabetes, and age. Many addi- 
tional conditions have been shown to predispose to failure of ventral incisional 
hernia repairs, including large hernias, prior recurrences, infection, hematoma, 
overweight, previous multiple procedures, male gender, chronic obstructive air- 
way disease, and prolonged postoperative abdominal distension [9]. In a study of 
455 women undergoing elective surgery, the only condition associated with inci- 
sional hernia formation 5 years postoperatively was the presence of diabetes 
mellitus [9]. Inadequate healing is increasingly more problematic in aged patients 
[10, 1 1]. For instance, the incidence of dehisced surgical wounds increases linearly 
with age [12]. Nonhealing chronic wounds are far more common in the elderly 
[12, 13]. Animal studies and clinical trials have linked growth hormone produc- 
tion and the insulin-like growth factor (IGF) system with the competence of hea- 
ling [14, 15]. Added IGF-I enhances protein synthesis in a wide variety of circum- 
stances, including cell culture and animal and human wounds. Local wound IGF-I 
administration also enhances protein synthesis in animals with impaired healing 
[16, 17]. In a prospective observational study IGF-I, IGF-II, IGF-binding protein-2, 
IGF-binding protein-3, and acid labile subunit (ALS) were measured by immuno- 
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Fig.l. IGF-I (top), IGFBP-3 (center) and ALS (bottom) concentrations in plasma and wound 
fluid of young (n = 15) and old (n = 15) patients undergoing elective orthopedic surgery, 
mean ± SD, indicates a significant difference as compared to corresponding values in the 
young group = P < 0.0001) 
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assays in the wound fluid and plasma of young (23.5 ± 3.3 years) and old (78.9 ± 6.2 
years) patients before and daily for 4 days after elective surgery [18]. IGFs, 
IGFBP-3, and ALS in plasma were significantly lower in the elderly group 
(p <0.0001) (Fig. 1). The decrements in plasma were reflected in corresponding 
decrements of 25-70% in the wound fluid of older patients {p <0.0001). Additio- 
nally, bioavailability of IGF-I was less in the aged. These data add to accumula- 
ting evidence that a decline in the IGF system in aged patients contributes to the 
healing deficits observed in the elderly. In a study of elderly patients, Papadakis 
et al. showed that the age-related fall of the IGF components in wounds is poten- 
tially correctable [19]. Growth hormone administered to increase serum IGF-I 
levels of older men to »normal« levels lead to increased collagen synthesis. 



Pharmacotherapy of the Wound 

The phenomenon of local IGF insufficiency in wounds led to the idea of IGF sub- 
stition into the wound. We therefore designed a new bioactive wound dressing that 
continuously delivers controlled amounts of active IGF-I. A double-layered wound 
dressing, made on a hydrogel base, coated with a modified PVA foil containing 
human recombinant IGF-I, was manufactured. A standardized dorsal ischemic skin 
flap (3x7 cm) was lifted and resutured on the back of male Sprague Dawley rats 
{n = 15, 350 ± 22 g). Full-thickness wounds were induced with a punch biopsy 
needle (8 mm diameter) into the ischemic flap region. In the control animals {n = 5) 




Fig. 2 .Wound size after local therapy of ischemic wounds with IGF-I, solved in methylcellulose 
gel, after therapy with the new IGF-I dressing or with a hydrogel dressing 
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wounds were treated with a control hydrogel dressing. In a first treatment group 
{n = 5) IGF-1 (5 fig) was solved in 0.2 ml methylcellulose gel, applied to the wound, 
and covered with the hydrogel dressing (MCG-IGF dressing). In a second treat- 
ment group (n = 5) wounds were treated with the newly developed hydrogel-IGF 
dressing, loaded with 10 pg IGF-I. At day 7 ischemia was documented by intra- 
cutaneous PO 2 All ischemic wounds were significantly larger compared to control 
wounds {p = 0.0001). Compared to treatment with the control dressing, ulcer size 
was significantly reduced in the ischemic wounds after treatment with the hydro- 
gel-IGF (p = 0.008) and the MCG-IGF dressing (p = 0.032) (Fig. 2). The hydrogel- 
IGF dressing was more effective compared to the MCG-IGF dressing {p = 0.049). 
This animal study shows that pharmacotherapy of wounds is possible, but the 
importance of the delivery system may have been underestimated. 



Pharmacotherapy and Hernia Prevention 

Treatment of abdominal wall fascial incisions in a rodent model with TGF-P 2 pi*e- 
vented the development of incisional hernias [20]. Incisional hernias developed in 
88% (35/40) and 79% (11/14) of untreated incisions and those treated with vehicle 
alone. No hernias formed in the TGF-p 2 -treated incisions. TGF-p 2 stimulated fascial 
macrophage and fibroblast chemotaxis as well as acute wound collagen production. 

Despite the development of many types of mesh prostheses over the past three 
decades, there is still disagreement as to what is the ideal design for implantation. 
Absorbable and nonabsorbable meshes as well as combination materials have been 
developed and used in surgical practice. There is considerable variation of fiber 
diameter, knotting and weave configuration, and size of the interstices. An ideal 
prosthetic graft material should be chemically inert, noncarcinogenic, nonaller- 
genic, resistant to mechanical stresses, and easily sterilizable. Polypropylene mesh 
is the most commonly used prosthetic material for hernia repair due to its favor- 
able mechanical properties and biocompatibility. Complications with the use of 
polypropylene mesh include wound infection, scarring, seromas, sinus formation, 
mesh extrusion, fistula formation, and bowel obstruction. Implantation of large 
pieces of mesh can lead to considerable restriction of abdominal wall mobility. 
Rigidity and discomfort, especially at the edge of the mesh, are frequently reported 
complaints. 

Zieren et al. investigated if the strength and quality of an abdominal wall repair 
with a resorbable polyglycolic acid (PGA) mesh can be improved by fibrin glue or 
releasates from platelets [21]. An abdominal wall defect in the rat was repaired 
using a PGA mesh in a sublay technique alone and with either additional fibrin 
glue or with platelet releasates. End points were clinical herniation pressure and 
hydroxyproline concentration as well as number of fibroblasts and collagen fibers 
at 7, 14, and 90 days after implantation. In both experimental groups (fibrin glue 
or platelet releasates) higher herniation pressures, hydroxyproline contents, and 
number of fibroblasts/collagen fibers were found at all times of measurement com- 
pared to the controls. These experiments indicate that local application of stimula- 
ting agents in combination with biomaterials may accelerate wound healing and 
optimize scar formation. 
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Discussion 

Many factors such as patient, local, and technical factors influence wound hea- 
ling. Recent advances in cellular and molecular biology have greatly expanded our 
understanding of the biologic processes involved in wound repair and tissue rege- 
neration and have led to improvements in wound care. With regard to hernia repair 
and prevention of hernia recurrence, proliferative growth factors have been succes- 
sfully used to increase tissue tensile strength. The combination of local stimulating 
agents with biomaterials as a more biological approach may offer new strategies for 
reducing the incidence of this common surgical complication. 
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Discussion 



Klosterhalfen: You know our topic of mesh shrinkage. Would you comment on that 
in regard to wound contraction, as we call it. 

Becker: There is no good explanation for this. There are many factors involved, and 
if you see this contraction of the wound you can measure it and it is coming up in 
a shorter period, as you can see it in the hernia repair. The size of contraction is 
finished in the skin within 3V2 weeks. There are maybe two different mechanisms. 
The shrinkage of the mesh, as you said, seems to develop in a time frame of a 
much later stage, it seems to be scar or something like this. I think it is not the 
same mechanism as we see in the skin. 

Gilbert: I didn’t quite understand your statement about shrinkage to be finished 
in the skin within 3V2 weeks. From my experience skin grafts continue to shrink 
for years. 

Becker: If you use the skin defect models, which we used for these measurements, 
the primary shrinkage used for organization and granulation is finished in these 
animal models within about 3V2 weeks, regularly. It is known that in skin trans- 
plants you have changes that are seen very much later. 

Klinge: The fact that we found altered fibroblasts in our patients raises some 
problems for animal experiments, for we rarely find smoking rats with a hernia 
disease. Most of these wound-healing experiments are made in rats that are - we 
can say - healthy. Therefore it is quite difficult to transfer these animal experiments 
to humans. We have to collect fibroblasts from our patients. 

Becker: It is easy for me to answer, for I come from wound healing. In wound 
healing we did all these studies in animals and we could transfer these results to 
man, so till now I don’t know why we shouldn’t proceed in fascia healing in the 
same way. So I am not sure whether we could not transfer these data immedia- 
tely. 

LeBlanc: Did anybody look at the type of collagen in these wounds, when they heal? 
Is there an increased ratio? 
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Becker: My coworkers are doing this, but they haven’t finished up to now. 

Kehlet: Is the recurrency really a failure in wound healing? 

Becker: How could we possibly stimulate healing and certain areas of healing? We 
are able to stimulate certain areas of healing with these different factors and this 
could also be done in the hernia situation. This is one thing. The other thing is: we 
are able today with biomaterials to release these growth factors over a period of 
at least up to 2 months. This is the situation. I am not so sure that recurrence and 
recurrence are the same thing. There may be a lot of factors involved. 



Ill The World of Mesh 




8 Textile Variations and Characteristics 
of the Plastic Meshes 

J.R. DeBord 



The textile variations and characteristics of the plastic meshes are directly related to 
their performance in host tissue and to the complex interactions at the cellular level 
that make up the dynamic process of inflammation, foreign body reaction, and ulti- 
mate healing of the wound in which these biomaterials were used for augmentation. 

Historically, there has been a long evolution leading to the »modern plastic meshes«. 
This century long process has seen the popularity of various prosthetic biomaterials 
come and go as the initial success reported with their use gave way to failure and com- 
plications noted with longer follow up and experience. The earliest prosthetic material 
was silver wire coils and filigrees first utilized by Phelps in 1894 [1], Witzel [2] and 
Goepel [3] in 1900 and as late as 1958 by Ball [4]. In fact, the use of silver wire extended 
over a 64-year span, longer than that of any other prosthetic material in hernia repair. 

Tantalum gauze was created from fine tantalum wire woven into a gauze-like 
mesh and used for hernia repair from 1940 into the early 1960s [5-10]. This was 
the first true »mesh« for hernia repair, but it failed due to material fatigue, patient 
discomfort, seroma formation, and abdominal wall compliance issues. 

Stainless steel mesh was developed for hernia repair in the 1950s and was utili- 
zed extensively for abdominal and chest wall defects into the late 1980s [11-15]. 
Annealed fine stainless steel mesh appears to have features that make it a useful 
surgical prosthesis, especially in the presence of infection; however, its popularity 
has been replaced by the modern plastic meshes. 

Throughout the mid to late 20th century, a number of biomaterials were deve- 
loped, tested in animals, used in patients, and finally abandoned for lack of perma- 
nent success in hernia repair. These included nylon mesh, polyvinyl sponge (Iva- 
lon), Silicon, Orion cloth. Teflon mesh, and others [16, 17]. 

Carbon fiber has been studied since 1980 as a biomaterial for hernia repair. It has 
many appealing characteristics over polypropylene in experimental studies. Howe- 
ver, there is no significant clinical experience in humans using this biomaterial for 
hernia repair [16]. 

Currently there are three biomaterials that make up the modern arsenal for sur- 
geons to utilize in complex hernia repair. These so-called plastic meshes are con- 
structed from polyester, polypropylene, and expanded poly tetrafluoro ethylene 
(ePTFE). The term plastic refers to any of numerous organic, synthetic, or processed 
materials that are mostly thermoplastic polymers of high molecular weight that can 
be molded, cast, extruded, drawn, or laminated into objects, film or filaments [18]. 

Polyester mesh, also known as Dacron mesh, is derived as a polymer from ethy- 
lene glycol and terephthalic acid and was developed in 1939. By the late 1950s, it 
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Fig. 1 . Polyester mesh 



was machine-knitted into a fabric mesh and marketed by Ethicon, Inc. of Somer- 
ville, NJ, under the trade name Mersilene. All products described as polyester mesh 
or Dacron mesh or Mersilene mesh are essentially the same product and numerous 
publications of animal studies and human clinical reports document its utility for 
hernia repair [16, 17]. This mesh is a multifilament, macroporous mesh with a pore 
size greater than 75 microns (Fig. 1). Dacron mesh was the first popular nonme- 
tallic mesh to stand the test of time, and it remains in active clinical use today, 
although its use has decreased as polypropylene mesh has become popular. 

Polypropylene, a monofilament fiber knitted into a mesh, was introduced by 
Usher, in 1963, as an improved version of the original polyethylene plastic mesh 
Marlex [19]. Now marketed by C.R. Bard, Inc. of Bellerica, Ma., as Bard-Mesh, 
this popular mesh possesses high tensile strength, pliability, a softening tempera- 
ture of 260° F and good performance in host tissue. It is also a macroporous mesh 
with a pore size greater than 75 microns (Fig. 2). Numerous brand names of poly- 
propylene mesh are now on the market and this mesh in all of its variants is the 
most popular and most utilized prosthetic biomaterial for hernia repair worldwide 
[16,17]. 

Polytetrafloroethylene (PTFE) (Teflon) is a fully fluorinated polymer with the 
chemical formula (CF2-CF2)n. It was discovered in 1938 by the E.I. Dupont and 
Co., Inc. [20]. In 1963, Oshige of Osaka, Japan, discovered a process for expanding 
PTFE to produce a highly uniform, continuous, fibrous, porous structure which 
retained its microstructure with improved mechanical strength [21]. The techni- 
que for expanding PTFE was ultimately refined by Robert W. Gore [22] and subse- 
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Fig. 2 a, b. Marlex Mesh, a 
Overview of structure, b 
filaments in detail 




quently expanded PTFE (ePTFE) was radially expanded to form a sheet material for 
use in hernia repair (Gore-Tex Soft Tissue Patch). The ePTFE patch is composed of 
pillar-shaped nodes of PTFE that are connected by fine fibrils of PTFE with a mult- 
idirectional arrangement of the fibrils which imparts balanced strength to the patch 
in all directions. The average pore size is 20 to 25 microns, making this a micro- 
porous mesh that is flexible, soft, and nonfraying and which allows cellular infiltra- 
tion and tissue incorporation into the patch (Figs. 3-5). Expanded PTFE has been 
documented to have adequate material tensile strength for safe clinical use and has 
been shown to be stronger than Marlex, Prolene or Mersilene mesh with equivalent 
suture retention strength [23, 24]. From the late 1970s to the present time, nume- 
rous experimental and clinical papers described the utilization of e-PTFE patches 
in abdominal and chest wall reconstructions and hernia repairs [16, 17]. 

As the clinical usage of the modern plastic meshes has been observed now for 
decades, it has become clear that the ideal biomaterial remains elusive. However, 
studies and observations have led to better understanding about certain textile 
variations and characteristics that influence the behavior of the mesh in tissue. 

Amid has defined the role of pore size in surgical mesh and described three 
categories with respect to clinically useful meshes [25]. Type I is a totally macro- 
porous monofilament mesh containing pore sizes greater than 75 microns. This 
includes most of the polypropylene meshes. Type II is a totally microporous mesh 
with pore sizes that are less than 10 microns in at least one dimension and inclu- 
des primarily e-PTFE (Gore-Tex) patches in most of its current marketed forms. 
Type III represents macroporous prostheses with mutifilament or mircoporous 
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Fig.3.e-PTFE 




Fig.4.e-PTFE 

microscopic view 



components such as Teflon mesh, braided Dacron mesh (Mersilene), braided poly- 
propylene mesh (Surgipro), or perforated e-PTFE patch (MycroMesh). The pore 
size may have its most important relativity with respect to infection of the bio- 
material. With bacteria having a size of approximately 1 micron, it is clear that 
bacteria can infiltrate all of the known clinically useful meshes. With neutrophil 
size of 10-15 microns and macrophage size of 50 microns or more, it is obvious 
that clearance of bacteria from a microporous mesh may prove difficult and lead 
to higher infection rates. These infection-fighting cells can easily infiltrate a mesh 
with a pore size greater than 75 microns and initiate the complex cellular reactions 
that lead to bacterial death and curing of infection. Porosity is also thought to be 
related to seroma formation, with seroma more likely in microporous prosthesis 
placement. However, location of the prosthesis placement may have more to do with 
seroma formation than mesh pore size per se. Avoidance of subcutaneous mesh 
placement may be the biggest factor in reduction of wound seromas. Microporous 
prostheses do have less intense tissue ingrowth and are more dependent on fixa- 
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Fig.5a,b.e -PTFE Patch, a Cellular ingrowth, b collagen deposition 



tion sutures, but do provide less risk of complications when the biomaterial is pla- 
ced in contact with the viscera. In contrast, macroporous prostheses have better 
tissue ingrowth, better tolerance to infection, and greater risk for visceral compli- 
cations when placed intraperitoneally. 

Strength of prosthetic mesh is one characteristic which is universally overen- 
gineered. Table 1 shows a comparison of material strength and suture retention 
strength of the commonly used biomaterials for hernia repair [24]. The maximum 
tensile strength of the human abdominal wall has been calculated to be 16 N/cm 
per centimeter of abdominal wall so that material strength for abdominal wall 
replacement or reinforcement need not exceed 16 N/cm [26]. 



Table 1. High rate strength comparison 





Material strength 


Suture retention 


Gore-Tex soft tissue(2 mm) 


30 kg/cm 


3.4 kg/pin 


Gore-Texsoft tissue(l mm) 


14.8 kg/cm 


1.92 k^pin 


Marlex mesh 


3.5 kg/cm 


1.46 kg/pin 


Prolene mesh 


6.4 kg/cm 


2.06 kg/pin 


Mersiline mesh 


1.0 kg/cm 


0.46 kg/pin 



The weight and density of a prosthetic biomaterial is a reflection of both inhe- 
rent fiber content and pore size. Recognizing the weight and strength of current 
meshes was excessive, Schumpelick’s group experimented with meshes of larger 
pore size and a mixture of permanent (polypropylene) and absorbable (Vicryl) 
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Fig. 6a, b. a Monofilament vs. b multifilament 



fibers to achieve a mesh with adequate tensile strength (16.1 N/cm), minimal 
weight (26.8 gm/m^) and maximum flexibility when the absorbable fibers have 
disappeared and the expanded polypropylene skeleton remains [26]. By reducing 
the amount of mesh fiber and by increasing the pore size (5 mm), they discovered 
marked improvement in tissue reaction, healing and functional abdominal wall 
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mobility. This mesh, called Vypro (Ethicon-Europe), is available for clinical use in 
Europe but currently not in the USA. 

Surface properties of different meshes determine the nature of the postimplant 
inflammatory response. Meshes with irregular surface characteristics allow migra- 
tion of inflammatory tissues and ingrowth of connective tissues. Surface tension 
is defined as the ability of a material to induce interaction with the biologic phase, 
including promotion of cell spreading and attachment. The higher the surface ten- 
sion the more intense the response. Alternatively, low surface tension reduces the 
ability of inflammatory cells to migrate onto the mesh and decreases the ability to 
resist infection. The nature of the surfaces from which the biomaterials are fabri- 
cated determines the type of interaction those surfaces are likely to have with the 
protein-rich aqueous environment post implant. The meshes with the highest sur- 
face tension are nylon, polypropylene, and polyester. Those with the lowest surface 
tension are Teflon and ePTFE [27]. 

Klosterhalfen and colleagues have studied explanted biomaterials from patients 
and these data indicate that a chronic irritation most likely exists in the implant bed 
of patients receiving mesh repairs for hernia and that none of the meshes is really 
inert [28]. These data showed further evidence that the very low- weight mesh Vypro 
was superior to e-PTFE, »heavy« polypropylene mesh, and polyester mesh in all 
areas of analysis of chronic inflammation. 

In summary, the tissue reaction to prosthetic biomaterials is »dose dependent« 
and most likely is influenced more by the physical properties of the mesh than 
the chemical properties of the underlying fiber material. Weight in g/m squared 
and surface area of exposed fiber are keys to biocompatibility of mesh in tissue. 
Surface area is a function of pore size and filamentous structure. Figure 6 shows 
quite clearly how surface area is different in monofilament vs. multifilament mesh. 
Thus, biocompatability of mesh increases with low weight, large pore size, and 
monofilament construction. No surgical mesh is inert, and a chronic state of irri- 
tation exists with all mesh. Further study of mesh construction parameters as well 
as the cellular reaction to prosthetic material in vivo will lead us closer to the elu- 
sive ideal biomaterial. 
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Discussion 

Simmermacher: I just want to make some comments on Gore-Tex. It is very 
important to realize that the manufacturer of Gore-Tex is unable to predict the 
pore size in advance. If you get a piece of Gore-Tex you never know, are there 
mostly 5 micron, 50 micron pore size, or is it even larger? The second comment: 
one should realize that of the three current biomaterials you give, Gore-Tex is 
hydrophobic, which means that even with the given pore size you have to think 
about the hydrophobic surrounding. 
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DeBord: I think this gives you the issue of the surface tension aspect as well as the 
fact that they give you an average pore size but not a discrete pore size. 

Schumpelick: During your talk I got the impression that we are going into a new 
period of mesh production. In the beginning you showed us that nobody cared 
about the interaction with the body. The only thing was: it must be inert. I got the 
impression by your talk that there is a new period, that we are interested in a 
positive attack of the mesh with the body for a better integration. Maybe what 
Dr. Becker told us about the coated material? Is that a new thinking or is it just 
development of old things? 

DeBord: The simple answer is that we all have failures and complications with 
recurrence in the meshes that we use. We are trying to understand them better 
and to engineer them better and see if we can eliminate the clinical problems. If 
any of these three meshes were the same, they would have no problems and cer- 
tainly are strong enough, so that probably the search for it would have ended, if 
there had been such a success; but since there has been failure, we are trying to 
understand that better. Understanding that is going to lead us to the subcellular 
cytokine level which we are trying to hear about today. 

Becker: How should the ideal mesh be? 

DeBord: That is a secret. 

Becker: I have got the impression that you are pushing the surface situation now 
much more. What is really known about this? There are a lot of intentions now to 
alter the surface. Why is the surface so important? It may be important for infec- 
tion, if you have some kind of adhesion for bacteria. Do we know really how sur- 
face will influence the late outcome? 

DeBord: Only in the fact that the surface is the actual portion of the mesh that is 
the most in contact with the macrophages and the tissue. If there is a mesh-tissue 
reaction that we do not understand yet, it is going to co-act the surface. 

Kingsnorth: How do you define failure? There are very few instances in literature 
where reherniation has actually occurred through the mesh. As you said, these 
meshes are very strong. Most failures occur around the edges related to the surgi- 
cal technique. How should you fix the mesh? With what material and with what 
technique? 

DeBord: There are essentially no failures through the mesh, they are at the mesh - 
tissue interface. Is it the surgeon or is it the hernia or is it the tissue? I am not here 
to really say what is the best technique. What we have learned in the abdominal wall 
is that whatever your suture technique is is not as important as a wide underlay 
and a wide application of adequate or more than adequate mesh. So to get right 
to the edges of the fascias is probably not the thing to do. I do not have any better 
recommendation. 
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Simmermacher: To answer the question of the ideal mesh, I think all the meshes 
are quite good. One of the essential points of the meshes is that we will not have the 
chronic inflammatory reaction stopped. The moment we learn how to stop that 
reaction we might get to an ideal mesh. A question to Schumpelick again: once you 
told us that you retrieved Mersilene in patients operated for incisional hernias 10 
years ago and the Mersilene was gone. They did not have a recurrence. What did 
you find out about inflammatory reaction in the scar? Was there any? 

Schumpelick: We found infection. That was the reason to explant them. My que- 
stion is: is any mesh - not the meshes available now, but in principle - ever a part 
of the body, or do we have to treat them for all the future as a foreign body in its 
reaction to the body as a best compromise? Can you integrate a mesh as a part of 
plastic material in the body without any foreign-body reaction? I am not sure about 
that. Should we increase the body reaction to this implant, for example, or should 
we reduce it by doing a PTFE? 

DeBord: That is where our research is taking us. Whether the collagen matrix mes- 
hes are the answer to that is another subject. 

Bendavid: We are all talking about mesh shrinkage. 1 have been involved in a study 
that has been published. We have analyzed explants from about 25 patients trying 
to determine what actually happens and we did it by looking at the pores, and as 
you have seen in the various examples of meshes, the pores vary with the different 
materials. We have not been able to find actually the contraction, or I should say, 
the predictable contraction at the histocontraction or expansion. As a matter of fact, 
we repeated the study by incubating the various meshes with saline, with plain 
water, with blood for 24 h. All showed some degree of either shrinkage or expan- 
sion. We have accepted the concept of shrinkage but I think we have to requestion 
the whole thing. 
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Polypropylene: 

the Standard of Mesh Materials 



A.I. Gilbert, M.R Graham, }. Young 



Polypropylene (PP) has greatly added to the success of hernia surgery. Polypro- 
pylene mesh (PPM) is made of PP. After 40 years of successful application, PPM is 
recognized as the gold standard of all prosthetic materials used in this field. Some 
basic questions about PPM are: 

• What is it? 

• How is it made? 

• What are its characteristics? 

• How do surgeons use it? 

PPM is produced from PP. PP in its monofilament form is derived from the con- 
trolled polymerization of propylene. Propylene is derived from propane gas. It is 
heat-resistant up to 168.3° C. or 335° F, thereby allowing it to be sterilized without 
compromise. PP possesses high tensile strength and good flexibility leading to its 
primary medical use as a suture material. It creates a slightly greater foreign-body 
reaction than polyethylene. It has excellent resistance to infection. 

PP is a continuous filament material developed from the resin of melted polymer 
pellets. 

The PP is a series of linear chains that are long and flexible. Its side groups are 
simple, small, or polar. The polymers are soluble or meltable for extrusion. Polymer 
chains are capable of being oriented and crystallized. Medical-grade PP provokes 
the least foreign-body reaction due to the minimal use of catalysts and additives 
needed to produce it. PP filament is extruded as a continuous filament. It is nonab- 
sorbable and biocompatible. Its diameter is determined by process specifications. 
Its surface has minimal friction. The extrusion process is the method to used to 
develop it into a useable product. Polymer pellets are placed in a hopper. The extru- 
der melts the pellets into liquid polymer. Using a regulating meter, the liquid poly- 
mer is extruded as a filament of predetermined width and strength. The basic 
product is a single filament. By using a spin-finish applicator the single filaments 
can be twisted or braided to form fibers with specific characteristics. Meshes can 
be knitted from these filaments or fibers. Different forms of PPM can be fashioned 
by varying the filaments, fibers, or knitting instructions 

Following development of continuous PP filament, it is cooled, pulled, stretched, 
and wound through rollers to a specific diameter and tenacity. The filament is then 
lubricated and put on spools. To manufacture PPM, hooked needles are used to 
interlock the PP filament to form vertical and crosswise rows of loops. The cross- 
wise rows of loops are courses. The lengthwise rows of loops are wales. The knit- 
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ting pattern is determined by filament diameter, loop size, filament tension, size 
of the knitting needles, and spacing of the needles. Following the knitting process, 
the mesh is cleaned to remove residual lubricants. It is then tented and annealed 
to stabilize the fabric. The finished mesh is then cut to size, packaged, and sterili- 
zed. 

PPM has numerous characteristics that make it acceptable for clinical use. It can 
be manufactured in various gauges and deniers. It is porous and biocompatible. It 
can be set to enlongate and be bidirectional. It can be made to have specific tensile 
and bursting strengths. Its amounts of bias, flexibility, drape, and end security can 
be regulated. 

Surgeons use PP as a basic surgical thread. PPM is used to reinforce or replace 
damaged or weakened tissues of the abdominal wall. PPM continues to be the basic 
prosthetic material used for hernia repair. Many companies use it to develop pro- 
ducts of different sizes, shapes, and textures that are used by surgeons worldwide. 

The optimum features of any mesh product are for it to be made of filament with 
minimal diameter that has sufficient bursting strength, and for its knit pattern to 
provide maximum porosity to facilitate and maximize tissue ingrowth. By having 
substantial unidirectional and bidirectional stretch capability, it possibly will facili- 
tate the recipient patient to maintain less restrictive motion after implantation. Ide- 
ally, its tensile and burst strengths should be just a bit more than those of the 
patient's own tissues. Its biocompatibility is essential and to be infection-resistant 
is desirable. Meshes made of multifilimented materials are less infection-resistant 
than those made of monofilament fabrics. Regardless of the construction of the 
mesh, it must be able to have adequate suture retention strength. 

So-called shrinkage of mesh has been reported in the surgical literature. In 
actuality, the inert mesh does not shrink. It is contracted by the ingrowth of 
fibrous tissue into its interstices. It is estimated that flat mesh in the planes of the 
abdominal wall contract about 20% in width and length within a year. Plugs are 
said to contract as much as 70% in a year. In clinical application over many years 
in millions of patients there is no evidence that PP or PPM impairs wound healing 
or elicits any unfavorable effects on cells or tissues. It is associated with a low inci- 
dence of seroma formation. It has great resistance to infection and most often will 
not interfere with total wound healing following the open treatment of an infec- 
tion. If cotton or silk suture is used with PPM, and a wound infection develops, it 
probably will be necessary to remove the mesh as well as the suture material. 
Vicryl and PP threads do not seem to jeopardize the mesh in the face of infection. 
There is absolutely no evidence that PP or PPM carries any risk of causing or pro- 
voking any soft tissue sarcoma formation. 

PP has much versatility. After 40 continuous years of use in millions of patients 
it is timely that manufacturers reexamine the models of mesh product. Lighter 
weight, more porous material probably can safely and effectively replace what has 
been used until now. At the start of mesh repairs the decision to use the model of 
that time was arbitrary. With much work now available it is time to customize a 
more desirable format of PPM 
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Discussion 

Bendavid: Sarcomas have been reported, however, with other biomaterials. Are you 
aware of any other? 

Gilbert: I could not find any reference to them. 

Bendavid: Some have been reported associated actually with vascular grafts, adja- 
cent to them, but certainly not in enough quantities to replicate the biomaterial 
itself. Does the unilateral or bidirectional stretch of the PPM really matter consi- 
dering it will be inhabited with fibroblasts and scar tissue eventually within a few 
weeks? 

Gilbert: I do not think it matters in terms of the healing process. I think it matters, 
if at all, in terms of the surgical application of it. Sometimes having something that 
will stretch in both directions gives the surgeon a little bit more latitude in placing 
suture to the host patient than something that is unidirectional, and you are wor- 
king against it. 

Deysine: I have used a lot of polypropylene in praxis. You said that it becomes first 
lubricated and then cleaned. Do you know how they do that? 

Gilbert: I do not know what they use to remove the chemicals. The chemicals are 
used so that in the process of the weave it moves easily and then they have to 
wash this. They have to take the substance off it before they then sterilize it and 
package it. 
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Deysine: Just before I came here I tried to unroll a piece of Marlex to measure 
the amount of fibers that were involved per square centimeter. I had a pretty hard 
time breaking it apart with tweezers and it took a long time to do it; at one point, 
I thought the fibers were almost glued together. Are they banned or glued? It was 
not easy to remove them. 

Gilbert: That may be a problem that has been created by the sterilization. They may 
have been overheated, there may be a melting thing that you are seeing. I thing 
ideally that is not supposed to happen in a knitted product. 

Schumpelick: I feel a little bit responsible for this sarcoma story. It is not I that 
brought it up, but I must say we never said that sarcoma has developed in human 
being. I think there is no real risk of that. There is no risk. We have seen it in rats, 
and we reproduce it, perhaps everybody knows that. The only thing was to mention 
that any type of chronic inflammation should be avoided. We know that the more 
material we have, the more risk of chronic inflammation there is. That is the only 
story we wanted to start at that time, not the risk of sarcoma. 

Kukleta: 1 would like to make a comment on comparing biocompatibility and the 
polymer: polypropylene. It is not polypropylene which is important. It is the struc- 
ture of the mesh that is made out of polypropylene. I think we will hear about pore 
sizes and all about that. It is not polypropylene which is biocompatible. It is the 
structure of the mesh. 

Amid: Dr Gilbert and I and many other surgeons in this room have been using 
polypropylene mesh for over 30 years in thousands of patients. From only the cli- 
nical point of view: have you really ever seen any patient who had major problem 
related to the mesh, too much scar tissue, or anything of that sort? I know that 
from the scientific point of view and the cellular level experimentation there are 
differences about the amount of scarification, but clinically speaking, I have really 
never seen any patient complaining to me of being too stiff, not being able to move, 
or anything like that. 

Gilbert: I have not seen a whole bunch of patients complaining about the flat belly 
that they have, although they have a flat belly. This is a matter of values and inter- 
pretations and cultures. Perhaps in Europe, flat bellies are not as attractive as in 
California. I was involved in describing and helping the dimensions of the PHS. I 
do not know that any mesh yet is perfect. I do not know if we have arrived at the 
ideal size of the pore. I do not know if we arrived at the ideal size of the diameter 
of the filament. I think that this is a work in progress, and I think that this is part 
of what this meeting is all about and what we are to go forward and look for: the 
ideal size. Even when we get the ideal size, is that going to fit everybody, because 
we are all different sizes? We will be in business for a long time. 



Bendavid: We should also mention Emilio Natta, the Italian chemist, who won the 
Nobel prize and gave us the class of polypropylene. Please let us remember him as 
well. 




1 0 Polyester Mesh - a French Solution? 



J. ZiEREN, J.M. Muller 



Introduction 

Polyester mesh, a polymer of ethylglycol and terephthalacid, was developed in 1939. 
As early as 1946 it was applied for the treatment of gross incisional hernia in the 
United States. Polyester prosthetic meshes were mostly used as woven mono- and 
multifilament fibers and are commonly known by their product name Dacron and 
Mersilene, respectively. Dacron is a woven monofilament mesh; Mersilene consists 
of woven multifilament polyester fibers. Both developed in the 1940s and are cli- 
nically applied for incisional hernia repair. Polyester has never been as commonly 
used as polypropylene mesh with the exception of France, where due to the work 
of Stoppa, polyester mesh found an especially high application rate. Technological 
advancements such as collagen coating led recently to further clinical applications 
as the intraperitoneal implantation. 



Material Characteristics 

The material characteristics of the commonly used meshes have been investigated 
by the Aachen working group [1]. Lower weight, better pliability and higher resi- 
stance have been demonstrated for Mersilene in comparing its mechanical pro- 
perties to Prolene. The resistance and mechanical stability of polyester still rests 
upon the physiologic necessities in hernia surgery. Within the group of polyester 
prostheses, Mersilene mesh is extremely flexible while the dense Parietex mesh has 
a lower pliability. These properties depend on the type of tissue structure and the 
type of fiber used. So polyester, of course, offers the construction of different mesh 
modifications. Regarding the mechanical and biological properties Mersilene ful- 
fils nowadays the criteria to be considered as the ideal prosthetic material for her- 
nia repair. 



Tissue Response 

The host tissue response induced by a synthetic mesh is an important indicator of 
the biocompatibility. It depends on the type of material, the surface area, and the 
structure of the implanted mesh. In 1948 the first experimental study on the local 
host tissue response of several prosthetic materials, as also for polyester and poly- 
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propylene, was conducted by Usher and Wallace [2]. Several other studies later con- 
firmed their results. Seven days after the intraperitoneal implantation, polyester 
mesh had triggered an inflammatory and fibroblastic reaction. This intolerance 
reaction was more important for polypropylene than for polyester. Microscopi- 
cally, they found mainly macrophages as an indicator of a chronic foreign-body 
cell response. The incorporation of the meshes was comparable for polyester and 
polypropylene and significantly better for ePTFE. 



Adhesion Formation 

Concern also exists about the adhesion development between viscera and the mesh, 
predisposing to intestinal obstruction or entero cutaneous fistulas. Especially for 
polypropylene, a high potential for adhesion formation is known. The majority of 
the reports concerning the adhesion potential of polyester demonstrate a lower 
potential compared to polypropylene. In our own animal inlay model we found no 
advantage for the adhesion potential of polyester. 

The development of the so-called composite mesh, a polyester mesh with colla- 
gen coating, leads to ideal predispositions for an intraperitoneal application. The 
composite mesh disposes of the selective property of tissue ingrowth on one side 
and of adhesion prevention on the collagen-coated other side. 

One of these composite meshes is Parietex with a collagen coating on the bot- 
tom of the mesh. The three-dimensional architecture and the thin collagen coating 
is to be seen on an electronic microscopic view. In experimental trials the Parie- 
tex mesh showed the properties expected. The collagen layer is intact after 1 week 
and absorbed and replaced by a neoperitoneum with antiadhesive properties after 
6 weeks. The antiadhesive effect has been demonstrated by several experimental 
animal studies. 



Mesh Stability and Abdominal Wall Mobility 

The Aachen group [3] developed a standardized animal model to test the resistance 
of different types of prosthesis implanted in rats using the inlay technique. In a 
sham group the normal resistance was found to be about 16 N/cm. This value was 
reached by Prolene and Mersilene and was minimally not achieved by Parietex. 
They also investigated the abdominal wall mobility using a three-dimensional pho- 
togrammetry. For both Prolene and Mersilene, an important progressive limita- 
tion of the body wall mobility was found thereby. 



Clinical Data 

The most important report on the outcome of nonabsorbable mesh intraperito- 
neally placed has recently been published as a review in 1998 by Morris-Stiff and 
Hughes [4]. However, given an excellent overview, the comparability of the inclu- 
ded retrospective studies remained limited by differences in the baseline charac- 
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teristics, the operation techniques, the definition of the complications, and the 
follow up. A striking finding is the higher rate of infection using polyester mes- 
hes. Analyzing the studies involved, this might be caused by the higher rate of 
intraperitoneal mesh implantation compared to the other mesh groups. With 
regard to this detail, the mechanical properties of polypropylene, polyester, and 
ePTFE do not show specific material complications. Summarizing these pooled 
data, the early and late postoperative results should be considered as good. 
However, in this context there are always three arguments against the application 
of polyester mesh for hernia repair. 

Published by Leber [5] in 1998, this retrospective cohort study examines the 
results of 200 patients undergoing open repair of abdominal incisional hernias 
with prosthetic material between 1985 and 1994. Mesh repair was done with 
Marlex, Mersilene, Goretex, and Prolene. Onlay, underlay, so-called finger interdi- 
gitation, and sandwich technique were used as implantation techniques. Specifi- 
cations regarding the different techniques as fixation of the mesh or relation of 
mesh to defect were not given. There was also no differentiation in the number of 
meshes used with each technique. 

Postoperative complications longer than 1 month after the operation were sig- 
nificantly higher for Mersilene meshes. In 5 of 7 cases with enterocutaneous fistu- 
las, a Mersilene mesh had been placed. Even if it seems that it could probably be 
higher, there was no specification regarding the infection, small bowel obstruction, 
or recurrence rate in these patients. As the authors mention themselves, the stati- 
stical power of this study with less than 20% was too low to examine the influence 
of the operation technique on the outcome. Theoretically, the results observed in 
this study could only be arbitrary and the conclusion »polyester mesh should no 
longer be used for incisional hernia repair« is not valid. 



Degradation, Rupture 

Documented in small case reports, the degradation and loss of strength in poly- 
ester grafts have been mentioned as another argument against mesh use. This 
histological investigation shows degradation of Mersilene after 98 months. Riepe 
[6] described in 1997 a general decrease of mechanical resistance to stress in 
Dacron polyester vascular grafts explanted for several different reasons after dif- 
ferent implantation times. Contrary to these small case reports stands the enor- 
mous number of long-term symptom-free patients after a polyester vascular graft. 

Even after abdominal wall hernia repair with polyester mesh, some cases of 
mesh rupture with consecutive recurrence have been described. Chevral [7] repor- 
ted three cases of Mersilene mesh rupture implanted in the onlay technique, with- 
out any information regarding the exact clinical picture and the initial operation. 

A clinical concern of polyester degradation cannot be concluded of these small 
cases. There is especially no information in the data of Morris-Stiff [4] or, to my 
personal knowledge, in the national hernia registers about a higher recurrence rate 
after polyester mesh repair due to degradation of the prosthesis. 
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Cardnogenetic Risk 

Since the first description by Turner [8] in 1941, the carcinogenic potential of syn- 
thetic materials with the development of foreign-body sarcoma has been known. 
In rats and mice the implantation of any foreign body can induce the development 
of sarcoma. In men, the development of angiosarcoma after implantation of Dacron 
mesh for aortic graft has been described. Whether the triggered rejection pheno- 
menon which appears on the mesh surface induces also a malignant transforma- 
tion is still not known. HSP-70 has been used as an indicator of cell stress, ki-67 
as an indicator high proliferation, and apoptosis as an indicator of DNA-double- 
strand rupture. The first study in this field performed by Klosterhalfen [9] revealed 
that Mersilene is inert regarding cellular and tissue biocompatibility. 

However, an evident causality of the carcinogenesis theory in man has still not 
been demonstrated. 



Summary and Outlook 

The mechanical properties of polyester permit obtaining a light prosthesis which 
has the properties of a modern mesh. Concerning experimental and clinical results 
of the polyester mesh, there is no firm contraindication to polyester mesh in her- 
nia repair. Further developments like the collagen coating of polyester mesh will 
ameliorate the biologic properties and clinical application of the implant. 

As a consequence, our own study group [10] decided to conduct further studies 
on the results of mesh hernia repair with polyester. 

We chose polyethylenterepthalate (PET) because it has been used with excellent 
clinical results over several years for crucial ligament replacement in men under 
high mechanical stress in sensitive biological milieu application inside an articu- 
lation. In an experimental study with a mini-pig, an especially dense prototype of 
a Trevia mesh (300 g/m^) was implanted into a predefined incisional hernia in sub- 
lay technique. In the comparison group a Prolene mesh was implanted. Macros- 
copically, the excised musculofascial layer showed an excellent ingrowth without 
shrinking after 6 months. Histologically, Prolene demonstrated the well-known 
strong cellular monocytic infiltration after 2 months. In contrast to that, Trevira 
induced only a moderate monocytic infiltration and early collagen fiber modellin. 
After 6 months, Prolene showed a continous cellular infiltration and even islands 
of calcification, as we sometimes know them from clinical course. Again, Trevira 
surprised by only moderate cellular infiltration and parallel collagen fibers. Tre- 
vira proved a significant lower fibroblastic colonization as a marker of the host cell 
response compared to Prolene. The tendency to shrink occurred in both implants 
without any significant difference. 

As a consequence of these convincing results for the mechanical and biologi- 
cal properties of Trevira we developed a Trevira mesh for clinical application in 
a phase-II study in our hospital. 

So last but not least: how to answer the initial question: polyester: only a 
French solution? This should be denied. Of course, polyester offers excellent mate- 
rial charcateristics and even some new developments like coating for intraperito- 
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neal implantation and Trevira™ as a new mesh with excellent properties for sub- 
lay implantation. 
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Discussion 

Klosterhalfen: I agree with your results in so far if Mersilene or PET mesh have a 
good clinical course, ifs really a good mesh. If you have an infection in the mesh, 
then infection hydrolyzes the scars and the mesh is very well and very quickly 
degraded. I have a couple of meshes here thanks to Dr. Muschaweek from 
Munich: you can see that there is an infection. You have an increased degredation 
of that mesh. Particularly, if you talk to vascular surgeons who have these pure 
Dacron patches, that they have implanted 10 years ago or something like that, and 
you put them between your fingers, it is like dust. I think degradation is a true 
story. 

Zieren: That is a good argument. I am really not a specialist in the mechanical pro- 
perties of the meshes, but I was very surprised about the good clinical results of 
Trevira, which has now been used in Germany for about 15 years in crucial liga- 
ment replacement. This is an indication where such a material has to fit very strong 
conditions. So I think for this background it must be a good material also for her- 
nia repair. Even in some cases with infection in knees, this material did not break. 

Read: I noticed in one of your slides the textile strength of this material is consi- 
derably less than the tensile strength of polypropylene. I wonder whether you can 
comment on that. 



no 



III The World of Mesh 



Zieren: These were data which were gained by Prof. Schumpelick. This is from his 
book. I am at the moment not able to comment on that. 

Read: It seems to me that the data you presented suggest that the tensile strength of 
this material is four, five, or six times less than polypropylene, and I wonder 
whether it is adequate over a long period of time. That is what would bother me. 

Zieren: We all know that the tensile strength with this material is much too 
strong for physiological repair. 

DeBord: Certainly the issue of tensile strength is well overengineered as adequa- 
tely strong even or maybe less strong than the others. Why has polyester mesh dis- 
appeared from the scene? Certainly in the States you cannot even find it at most 
hospitals. Is it just a victim of bad public relations, bad marketing, or why have we 
stopped using it? 

Zieren: I suppose it is a combination of both. Some of these publications have 
demonstrated this degradation and I think it is also bad marketing. Yesterday we 
had some private talks. Some of the colleagues just use polyester, even now. 

Stoppa: We introduced polyester in France in 1965. Why do French people use the 
polyester mesh? This was the first mesh in France. There was no adverse effect. It 
was as resistant as the polypropylene mesh demonstrated in 1969. It was resistant 
to infection. After work for more than 40 years we have no mentioned difficulty 
about resistance to rupture. Do not put the mesh intraperitoneally. 

Bendavid: This is a very interesting comment, because I believe one of the 
reasons why they did not succeed in France is that probably the French had bad 
experience with the plastic, and in fact we tend to forget that Don Aqua viva in 
1944 and actually in the late 1950s used a nylon mesh which completely failed due 
to infections. What is interesting is also the fact that the tension-free repair, as far 
as I can see, started in 1944 with Don Aqua viva. In fact, the pattern you see is 
exactly the same as the one we actually saw manufactured today. 

Gilbert: I certainly agree with Dr. Stoppa’s comments. In fact, after visiting 
France and our dear friend Dr. Wantz encouraged me, I moved over to using 
Mersilene for incisional hernia repairs. I might let you know that one case became 
infected and took 6 months of open treatment until it finally scarred and epithe- 
lialized and closed over; 2 years later a recurrence came through and a true bur- 
sting fashion came through the 6 months exposed Mersilene. I do not blame the 
product, because I am not sure that any product would have stood up for 6 months 
being exposed to the outside. That was the only situation we had. Its manufacturer, 
Ethicon, is now going to sell Prolene mesh, which has larger pores, works equally 
well, and is easy to handle in the same fashion. 

Bendavid: Referring to degradation, I remember discovering a piece of PTFE 
which had been bought by old Dr. Shouldice. It was a in sealed envelope that he had 
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bought with the intent of using it. It got lost, and I rediscovered it about 30 years 
later. I opened it up out of curiosity, and it was completely powder. 

Kingsnorth: I would like to challenge the statement that all meshes are too 
strong. We do not know what happens after 1 or 2 years. By accident we know that 
polypropylene and polyester last 30 or 40 years, but we only know that by chance. 
We started out five times as strong. They seem to last a life time, or a generation. 
We do not know these new meshes. They start at maybe one or two times the 
strength of the abdominal wall. Are they going to last 30 or 40 years? We do not 
know. 

Deysine: I think that we cannot compare the results on vascular prosthesis made of 
Dacron, because they are under tremendous fatigue by pulsation. 

Simmermacher: I think we should discuss what we want the mesh to do. Do we 
want it for a year or for 2 years, and then hope that the scar tissue recovers? I think, 
before talking about what kind of mesh we need, we should decide what kind of 
mesh we want, and what characteristics it should have. 

Schumpelick: If you want to replace abdominal wall on the long run, you need a 
very strong mesh, stronger than these new meshes. If you want to facilitate the 
rebuilding of the abdominal wall with good muscles and good fascia and to aug- 
ment the abdominal wall, then you need a soft mesh. We have to differentiate bet- 
ween different tasks. I know that, for example, if you put the soft mesh into a posi- 
tion without back wall you will not succeed. We have seen that. Therefore it is a 
question of technique and a question of our aim. 

Bendavid: This question is directed at Dr. Schumpelick as the editor-in-chief of 
the journal. You have an old publication of an article that puzzled me. There 
was a case of a mesh repair where there was a tear right down the middle of the 
repair. I did not know what the message was. Was it that it was inadequate? Was it 
an accident? Was it inadequate manufacturing? It gave the impression that perhaps 
it is inadequate. Could you explain? I am confused because I always thought . . . 

Schumpelick: I think the paper was from Gottingen. The problem is: we have a 
stiff mesh and a flexible abdominal wall and we will get a chronic interaction with 
this mesh. You can tear metal in two parts by chronic bending in this direction. That 
means we have to consider not only strength, we have to consider elasticity and the 
interaction with the muscles. That means you will see a rupture of the mesh by 
chronic working on the mesh. 

Bendavid: So you are talking about fatigue of the mesh. It is a concept I was not 
familiar with. Has anyone else any comments on that effect? 
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Introduction 

Today a variety of materials are available for mesh-based repair of different kinds 
of hernias. Mostly light-weight polypropylene meshes are used for enforcement of 
the abdominal wall. ePTFE has some potential advantages over PP so that for spe- 
cial indications ePTFE should be strictly recommended. PP meshes induce a strong 
scarring reaction whereas ePTFE can be manufactured according to the aim of use. 
So today ePTFE is very well documented, being placed in direct contact to viscera. 
Goretex Dualmesh is mainly used for the repair of ventral hernias in terms of the 
intraperitoneal onlay mesh technique, providing very good incorporation in to the 
abdominal wall on one side and preventing excessive adhesions with the viscera 
on the other side. Although ePTFE is very expensive, it should be used for the lapa- 
roscopic repair of ventral hernias as well as for the open repair when the mesh is 
placed intraabdominally. Up to now, no mesh-related complication has been descri- 
bed when ePTFE is used, whereas some typical problems such as migration, infec- 
tion and fistulization are well known for PP. 

Hernia surgery has changed dramatically during the past 20 years. Today it 
is generally accepted that incisional hernias should be repaired by augmentation 
of the abdominal wall with nonresorbable mesh [1-3]. The use of pure suture 
techniques is followed by unacceptable recurrence rates [4]. Even primary umbi- 
lical hernias seem to be more reliably cured with the use of meshes [5]. Also the 
recurrence rate of inguinal hernias is lowered when mesh-based techniques are 
provided [6, 7]. The most common material today is polypropylene. Sometimes, 
especially in France, polyester is used. ePTFE seems to play a role only for special 
purposes due to its costs. 

The results for a midline retrieval for 1992 to 2003 using polypropylene, ePTFE, 
inguinal hernia and incisional hernia as search terms are summarized in Table 1. 



Table 1 . Results for midline retrieval 1992-2003 



Inguinal henik and polypropylene 


251 


Inguinal hernia and ePTFE 


13 


Incisional hernia and polypropylene 


80 


Incisional hernia and ePTFE 


14 


Incisional hernia and Gore-Tex 


32 


Incisional hernia and laparoscopic repair 


49 
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Obviously, ePTFE has almost no place in the repair of inguinal hernias. On the 
other hand, it is more often used for the repair of incisional hernias. Especially the 
products of W.L. Gore 8c Ass. seem to be favored for that purpose. 

The advantages of ePTFE over polypropylene or polyester are mainly based on 
the possibility to produce surfaces with different pore sizes. The pore size is clearly 
correlated with the scarring reaction or the formation of adhesions when used in 
an intraabdominal position [8]. For extraperitoneal placement in the groin, LeBlanc 
et al. demonstrated that the amount and tenacity of adhesions correlate with pore 
size [9]. ePTFE was clearly superior to polypropylene. Similarly, adhesions between 
the mesh and viscera in a model of intraabadominal placement of different meshes 
were minimal in animals treated with ePTFE and maximal with large-pore-sized 
polypropylene [10]. 

Personal experience after 300 laparoscopically repaired incisonal hernias and 
some relaparoscopies shows that the formation of adhesions varies interindividu- 
ally. Sometimes almost no adhesions could be seen, sometimes strong adhesions 
are obvious. However, it should be pointed out that adhesions can be easily redu- 
ced if the mesothelial layer between the intestinum and ePTFE is incised. A further 
prejudice against ePTFE concerns the ingrowth of tissue. Again, personal experi- 
ence clearly showed an effective fixation of the mesh. For removal of the ePTFE 
mesh, it must be excised out of the abdominal wall. LeBlanc et al. also experimen- 
tally demonstrated that the Dualmesh is even more strongly fixated than poly- 
propylene [10]. 

On the other hand, it is well known that an infection of the mesh inhibits ingrowth 
very effectively. In one of our patients after laparoscopic repair of an umbilical her- 
nia primary mesh infection occurred. The mesh could be easily taken out by rela- 
paroscopy without any signs of fixation. Even the tacks were no longer fixed in the 
fascia. So the rumor of lacking ingrowth of ePTFE is mainly due to infection and the 
overcome soft tissue patch which should no longer be used today for hernia repair. 

Cassar et al. reviewed the actual options of the surgical treatment of incisional 
hernia in 2002 [1]. In 11 studies dealing with the open mesh repair polypropylene 
was used seven times . Three times ePTFE and once polyester was applied. Recur- 
rence rate varied between 0 and 23%. The infection rate amounted to 9.4%. The 
studies of laparoscopic incisional hernia repair comprised nine references using 
ePTFE, three references applied polypropylene and once ePTFE and polypropy- 
lene was used as well as a newly developed composite mesh. Recurrencies were 
observed between 0-9%, the overall infection rate was 3.1%. The basic difference 
between the open and laparoscopic studies was the fact that in the laparoscopic 
group the mesh was always placed in an intraabdominal position whereas in the 
open group only 3 out of 12 studies used a similar technique. It may be concluded 
that ePTFE is generally favoured for the intraabdominal and polypropylene or poly- 
ester for the extraabdominal position. 

Our own literature research of 2002 on laparoscopic incisional hernia repair 
revealed eight publications and is summarized in Table 2. Each of them used ePTFE, 
in three studies also poylpropylene or composite meshes were used. Recurrence 
and infection rate varied between 0-16% and 0-2%, respectively. 

In 2002 Deligiannidis et al. published their experience with different meshes in 
56 patients [19]). 24, 23 and 9 patients were treated with polypropylene, ePTFE 
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Table 2. Publications on laparoscopic incisional hernia repair 



Reference 


No. of 
patients 


Mesh material 


Infection 
rate (%) 


Recurrence 
rate (%) 


Follow up 
(months) 


S. Bageacu (11) 


159 


ePTFE/PP 


0 


16 


49 


M. Ben-Haim [I2| 


100 


ePTFE 


2 


2 


19 


B. Kirshtein [131 


103 


ePTFE 


2 


2 


26 


H.H. Parker |14l 


50 


ePTFE/Comp. 


0 


0 


41 


T.K.Varghese [151 


32 


ePTFE 


0 


7 


? 


T. Aura [16] 


86 


ePTFE 


0 


7 


37 


K.B. Kua[17l 


30 


PP/ePTFE/Comp. 


0 


10 


? 


D. Berger (18) 


150 


ePTFE 


1.3 


2.7 


15 



and a composite mesh, respectively. In the polypropylene group two infections, 
one fistula and four patients with stiff abdomen were observed. Only one infec- 
tion and no complication occurred in the ePTFE and composite mesh group. Pre- 
viously, Leber et al. had also reported main complications associated with poly- 
ester and polypropylene [20]. To my knowledge, no mesh-related complication has 
been published for ePTFE up to now! 

Thoman et al. [21] reviewed the results of laparoscopic incisional hernia repair 
in 2002 and concluded that »currently only ePTFE can be recommended for direct 
contact with abdominal viscera«. Summarizing the above data, this conclusion 
should be strongly supported. Furthermore, the actual ePTFE meshes provide effec- 
tive ingrowth with a very low infection rate when laparoscopically inserted. Com- 
posite meshes consisting of coated large pore-sized polypropylene actually have 
produced encouraging results and may partially replace the more expensive ePTFE 
in the future [22]. 

But today the original question whether ePTFE is worth the price must be answe- 
red with: sometimes, yes! 
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Discussion 



LeBlanc: I have repeated these studies, and the larger and stiffer the product the 
more adhesions could be seen. Also there is the same thing that you described 
with the adhesions to the ePTFE. Most of the adhesions originate at the rim, and I 
agree: it is worth the price. I know that Morris Franklin has a series also using 
polypropylene. Would you like to comment on that? 

Bendavid: One of the disadvantages that I have found with any of the Gore-Tex 
products is that if you are going to do an incisional hernia through an open tech- 
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nique you cannot see through it. I have actually seen two patients in whom the 
bowel had been picked up during the repair and I have seen it had to be redone 
subsequently. All the patents have expired for Gore-Tex. What I do not understand 
is why it has not come down in price considering that others like Bard are actually 
manufacturing it. The price is made high. Is it their price fixing, which is illegal in 
the United States, and that is a good question. I do not know. Dr. Greissler, could 
you please comment? 

Greissler: I just agree. I certainly have no idea why it is so expensive. You are right, 
the patent expired a few years ago. 

LeBlanc: The patents on the dual mesh and the new dual mesh are new patents. 

Bendavid: This does not matter. It is not important. It is the material itself. Once 
you have it, you can do anything with it. 

Simmer macher: The way you present it, the answer is right, but there is one pro- 
blem I still have with Gore-Tex. I agree completely that it is suitable for use in 
the intraperitoneal situation, but we are talking about adhesions. In the slides 
you showed all adhesions on the patch, but at the edge where it is fixed with the 
tacs. About the question whether one adhesion is more or less dangerous, the 
problem is, because you need very many tacs you are going to get your adhesi- 
ons at the edge of the implant. Nobody can tell you whether your ileus later on or 
your strangulation is going to happen then. It is correct that there are no adhesi- 
ons on the mesh, but they are now at the corner where you use your tacs. That is 
the problem. 

Berger: That is the weak point of the whole methodology. If you use tacs for fixa- 
tion of the mesh you produce adhesions at the tacs, but you have the alternative 
to use sutures at a very small distance and then perhaps the amount of adhesions 
may be reduced. 

LeBlanc: The adhesions that you see, and that has been shown experimentally, 
were to the tacs, or basically mostly the tacs that are not fully fixed properly. You 
can find adhesions of small intestine to those tacs consistently and there have been 
some erosions reported in the literature about that, too. 

Bendavid: If George Wantz had been here today, he might have thought of soldiers 
sold to the devil. 

Arlt: You showed us that your Gore-Tex mesh is incorporated into the abdominal 
wall. As far as I know you have a technique placing it in an IPOM technique. That 
means you put it onto the peritoneum, then we have the preperitoneal fat and then 
you have the fascia. That means half a centimeter or some millimeters away. How 
do you explain this process of incorporation, because the whole mesh is covered 
by peritoneum? 
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Berger: You are absolutely right, and I have no real explanation, but incorpora- 
tion, perhaps, is the wrong word. It is really strongly fixed to the abdominal wall. 
It is not only fixed to the peritoneum, it is also fixed to the retromuscular fascia. 
That is what you see if you have to remove such a mesh. That is a fact, of course. I 
cannot explain it. 
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Introduction 

Nowadays, mesh repair of abdominal wall hernias has become an integral com- 
ponent of general surgery, even representing the standard procedure in various 
countries. Currently used mesh prosthesis are made of polypropylene (PP), poly- 
ethylene-terephtalate (PET) or polytetrafluorethylene (PTFE), though all of them 
reveal some disadvantages. Therefore, the introduction of new materials seems to 
be advisable. Apart from the requirements on strength, elasticity and pore size, it 
is the specific tissue response to the mesh filaments that determines the suitability 
of the polymer. PP is favored for most mesh constructions. It is still regarded as 
being stable in the long run, but shows a comparatively high bending stiffness if 




Fig. 1. Accentuated foreign-body reaction at the interface host tissue PP mesh 



V. Schumpelick et al. (eds.) Meshes: benefits and ^sks 
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Fig. 2. Disintegrated PET mesh after long-term incorporation 




Fig. 3. Fragmented PTFE mesh due to infection 
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used for mesh construction, resulting in rather stiff mesh prosthesis. Furthermore, 
polypropylene sutures were found to show an increasing bending resistance in vivo 
by auto oxidation [1], Also there has been visual evidence of surface stress cracking 
after long-term incorporation of polypropylene fibers, thus leading to a loss of sta- 
bility [2, 3]. Finally, as its main disadvantage, the induction of a more accentuated 
inflammatory foreign-body reaction, largely depending on the amount of mate- 
rial, has to be regarded [4] (Fig. 1). PET is supposed to be degraded after some 
years, which has been proven at vascular grafts made of PET [5-8]. Accordingly, 
first recurrences through disintegrated PET meshes have been reported [9] (Fig. 2). 
PTFE is usually manufactured in the form of foils, thus lacking a sufficient inte- 
gration into the surrounding tissue and is suspected of loosing its stability, as well 
[9-11]. Bellon et al. found alterations to the PTFE structure, such as areas of frag- 
mentation, fracture lines and detachment of fine layers in the case of infection 

[12] (Fig. 3). Moreover, none of the PTFE implants show a physiologic elasticity 

[13] . As a result, all present polymers are not ideal to realize optimal mesh implants, 
as they either do not allow appropriate textile constructions or do not provide a 
sufficient histological biocompatibility and long-term stability. 

Polyvinylidenfluoride (PVDF) is a non-absorbable fluoropolymer consisting of 
alternating mythelene and difluoromethylene groups (Fig. 4). This polymer 
shows improved textile and biological properties [14]. It is thermally stable and 
more abrasion-resistant than other fluoroplastics. Normally, it is used in semicon- 
ductor market, paper and chemical processing industry. Furthermore, PVDF 
sutures are routinely used in cardiovascular and orthopaedic surgery [3, 15]. It is 
said to induce a minimal cellular response, shows an exceptional chemical stabi- 
lity and excellent resistance to ageing. In addition, it shows a preserved mecha- 
nical stability even after long-term incorporation. In comparison to PET the 
PVDF is more resistant to hydrolysis and degradation. Furthermore, aging does 
not increase the stiffness, as described for PP. For its suggested advantages we 
thus constructed a mesh made of PVDF fibres and tested its histological characte- 
ristics in a standardized rat model. 

H F ^ 

Wc/ ► 

H F F 

vinylidene fluoride poj^vmjrMdene fluoride) Fig.4. chemical 

Structure of PVDF 



Material and Methods 

The constructed PVDF mesh (Ethicon, Norderstedt, Germany) (Fig. 5) was compa- 
red to a heavy-weight, small-pore PP mesh (Prolene) and a low- weight and large- 
pore PP mesh ( Vypro) in a standardized animal model. Detailed textile characte- 
ristics of the mesh samples are given in Fig. 6. Despite a higher specific weight of 
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PVDF of 1.8 glcw? compared to 0.9 g/cm^ for PP the weight could be reduced to 
73 g/m^ (Fig. 6); 90 male Wistar rats were within this study. A full-thickness defect 
of 2 X 3 cm en bloc was resected including rectus muscle and peritoneum (except 
skin). Afterwards, mesh samples (2x3 cm) were fixed as real abdominal wall 
replacement. From each group (n = 30) ten animals were killed at days 3, 21 and 90 
after implantation of the meshes for morphological observations. The morphome- 
tric evaluation consisted of a quantitative cell analysis of the inflammatory reac- 
tion and the soft-tissue reaction. Parameters measured were the partial volumes 
(PV%) of the inflammatory infiltrate and connective tissue, the relative number 
(%) of macrophages, fibroblasts, and TUNEL positive, as well as Ki67 expressing 
cells, respectively. 

Results 

The clinical appearance of the animals was uneventful; details are given in Table 1. 
All deaths occurred without any evident connection to the operation. The tissue 
reaction to the Prolene mesh was characterized by a serious edema, which com- 
pletely vanished at day 21 after implantation. Necrosis of the fibrinoid type sur- 
rounded filaments with a dense infiltrate of macrophages. Partial volume (PV) of 
the inflammatory infiltrate peaked (32%) at day 21 followed by a reduction to 21% 
at day 90. In the early postimplantation period macrophages presented as the domi- 




Fig.5. PVDF mesh 
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b Prolene Vypro PVDF 

Fig. 6a, b. Textile characteristics of the PVDF, Prolene and Vypro mesh, a weight, b surface 



Table 1. Clinical complications 




Seroma 


4% 


4% 


0 


Hematoma 


2% 


7% 


0 


Local signs of inflammation 


11% 


13% 


8% 


Death 


7% 


7% 


3% 
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nating cell types. Macrophages revealed a rising colonization rate and demonstra- 
ted to transform to epitheloid like cells. Overall, even at day 90, a moderate, but 
still active inflammation could be evaluated. Connective tissue formation was not 
be found at day 3, whereas PV of connective tissue increased to 51% at day 21 and 
showed a nearby constant value in the following observation period. In parallel, 
the number of fibroblasts increased during the observation period. An increasing 
amount of collagen bundles surrounding the periphery of the granulomas forming 
a strong scar plate was noticed. Estimating the cellular response revealed high rates 
for apoptosis and DNA strand breaks (TUNEL) as well as elevated values for cell 
proliferation (Ki67) with an overall decreasing profile. Implantation of the Vypro 
mesh was characterized by a significant reduction of the PV of inflammatory infil- 
trate during whole observation period compared to the PVDF and Prolene mesh. 
The kind of inflammation was serofibrinous in the early postimplantation period 
and later changed to a mature granulomatous reaction with transformation into 
epitheloid cells and numerous giant cells. Initial edema was noticeable only within 
the first 3 weeks. After 90 days absorbable polyglactin 910 filaments had comple- 
tely disappeared, leaving polypropylene filaments surrounded by thin collagen 
bundles. PV of connective tissue was significantly reduced compared to the PP 
mesh group forming a three-dimensional honeycomb structure with fat tissue- 
filled pores. Ratio of apoptosis and DNA strand breaks (TUNEL) and cell prolife- 
ration (Ki67) revealed a significantly decreased ratio compared to the Prolene 
mesh group. 

In contrast to the Prolene mesh, the tissue response of the PVDF mesh group 
showed reduced amounts of inflammatory and connective tissue formation com- 
parable to the Vypro mesh group. A remarkable number of fibroblasts did not 
appear before 21 days after implantation, forming a thin connective tissue cap- 
sule around the polymer fibres. The inflammatory reaction corresponded to the 
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extent of fibrosis remaining nearby constant decreased levels from day 21 to day 
90. Furthermore, the PVDF mesh group always indicated decreased number of 
macrophages compared to the Prolene mesh group. The cellular response sho- 
wed constantly decreased level of TUNEL positive cells for the PVDF mesh, whe- 
reas Ki67 positive cells were increased within the first weeks but reduced after 90 
days (Figs. 7, 8). 



Discussion 

In hernia surgery the primary task of biomaterials is a durable and adequate rein- 
forcement of the anterior abdominal wall. This request demands the absence of 
any polymer degradation as well as a textile construction preventing any functio- 
nal and histological impairment. Because of the known disadvantages of polypro- 



126 



III The World of Mesh 




pylene (PP), polyethylene terephtalate (PET) and polytetrafluorethylene (PTFE), 
the introduction of new polymers seemed to be advisable. 

Recent experiences in cardiovascular and orthopaedic surgery underlined the 
excellent textile properties of polyvinylidenefluoride (PVDF) sutures in vitro and 
vivo [15, 16]. Textile analysis measuring the tensile strength, the elongation, the 
surface roughness, the bending stiffness and tissue drag revealed equivalent cha- 
racteristics as found for common PP sutures. In animal experiments for up to 
2 years, there was visual evidence of surface stress cracking by auto oxidation for 
PP but not for PVDF [3]. Even after 9 years of implantation, the PVDF sutures 
preserved their mechanical stability with 93% of their original strength [3]. In 
contrast, the PP sutures lost about 47% of their stability, due to an accumulation 
of oxidation byproducts and water molecules near the surface. The histological 
examination of sutures made of PVDF after incorporation for 6 months in dogs 
showed only minimal cellular response without excessive fibrous tissue reaction 
[2,14]. 

The present study confirms for the first time that a mesh construction based on 
PVDF monofilaments is feasible. Although the textile and filament properties can 
still be improved, for example by enlarging the pore size or using more flexible 
fibres, the present modification already showed satisfactory functional and mor- 
phological results. In comparison with the Prolene the analysis of the tissue reac- 
tion to the PVDF clearly showed an improved biocompatibility that was slightly 
affected by the amount of material. The PVDF mesh induced significantly lower 
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inflammation and fibrosis comparable to the low-weight and large-pore-sized 
Vypro mesh. The collagenous capsule was always limited to the perifilamentary 
region, not producing a scar plate embedding the entire mesh, which is typical 
for the Prolene mesh. The moderate inflammatory activity of the foreign-body 
reaction was characterized by a reduced accumulation of macrophages and fibro- 
blasts. The reduced cell activation is mirrored by the low rate of apoptosis and 
proliferation at the end of the observation period, almost reaching physiological 
levels [17]. Altogether the histological analysis of the tissue reaction in rats con- 
firmed the superior integration in comparison to the common heavy-weight poly- 
propylene mesh. The present data clearly show that PVDF is a possible alternative 
to the established materials. In particular, the improved long-term stability, the 
lowered bending stiffness and the minimum tissue reaction at the interface favor 
the construction of hernia meshes to reduce mesh-related side effects. 

With regard to the causal factors of hernia recurrence, which have shifted from 
technical [18] to more biological aspects [19], alterations of the extracellular matrix 
pathology have become the focus of research in recent years. As a result, further 
research should address the construction of biologically active meshes leading 
to a modulation of tissue integration. Next to an optimized polymer and textile 
structure the supplementation of local, temporarily released biologically active 
substances seems to be advisable. A possibility might be a covalent bound spacer 
on the polymer surface which is added with e.g. cytokines or growth factors. Initial 
experiments already demonstrated the feasibility of constructing these kinds of 
mesh materials using PVDF polymers and a surface modification by plasma-indu- 
ced graft polymerization with polyacrylacid as a covalent bound spacer (Fig. 9). 

To conclude, PVDF seems to be an optimal polymer for the construction of sur- 
gical meshes. The monofilament, large-pore-sized and monofilament mesh con- 
structed showed an excellent tissue integration comparable to the low-weight, 
large-pore sized, but multifilament Vypro mesh. Furthermore, PVDF seemed to be 
a suitable basis for biologically active coating. 




Fig. 9. Surface modification by plasma-induced graft polymerization of PVDF mesh samples 
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Discussion 



Deysine: I have been using gentamycin irrigation since 1983 in all my inguinal her- 
nias, and I have no hernial infection yet. Salvaki from New York has been the leader 
utilizing gentamycin, and he studied the biology of gentamycin as it eludes from pel- 
lets in surfeit in post-hip infection. This is all orthopedic surgery. They found it to be 
very effective. I think, if you are able to really bind that antibiotic to the mesh, when 
the antibiotic gets released in the first moment, it gets released at a very high con- 
centration, and that concentration is a bactericide. So it is very effective. 

Junge: And you can choose the duration of the release as well. You can have 1 month 
or 2 months, whatever you want. Furthermore, gentamycin is just an example. You 
can use cytokines or whatever you want. 

Bendavid: Supposing you coat it with antibiotic, and you insert the mesh into the 
patient, and you have an anaphylactic reaction. What next? 

Junge: For this reason we did not choose penicillin. I do not think that there is any 
anaphylactic reaction to gentamycine. 

Schumpelick: Is this coating limited to PVDF? What are the disadvantages of this 
PVDF? 

Junge: I do not think that there is a limitation on PVDF. We just tested it, because 
in our opinion PVDF has the best biocompatibility. Therefore we took the PVDF 
mesh. I have not seen any disadvantages so far. 

Schumpelick: Why it has not been developed until now? 

Junge: I do not know. 

Simmermacher: You really should test - because it is known from ePTFE - that if 
you change the surface by chemical reactions, you get a completely different reac- 
tion of the tissue, because you have an increased surface, or the surface is going 
to be rough. This is a very important question. 

Junge: It was already done by the manufacturer of PVDF with the same excellent 
tissue reaction. 
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Future Perspective: Tissue Engineering? 
J. Laredo, H.R Greisler, E Hines Jr. 



Introduction 

Surgeons and scientists over the past several decades have been successful in deve- 
loping both synthetic and tissue-derived tissue substitutes that have been used 
in the repair of hernias (Table 1). These materials provide structural support in 
the repair of groin, ventral incisional, and diaphragmatic hernias. Each type of 
synthetic material has advantages and disadvantages over other types with 
regard to ease of use, recurrence rates, resistance to infection, degree of tissue 
ingrowth, inflammatory reaction, type of foreign-body reaction, shrinkage, 
migration, fistula formation, and cost. The tissue-derived materials have recently 
gained popularity among surgeons, particularly in the repair of ventral incisional 
hernias. The major advantage afforded by tissue-derived materials over synthetic 
materials is their improved biocompatibility and ability to integrate with the sur- 
rounding tissue [1] 



Table 1. Tissue substitutes used in hernia repair 

Synthetic materials (trade names) 

• Polypropylene (Marlex,Prolene) 

• Polyethylene terephthalate (Mersilene) 

• Polytetrafluorethylene (Gore-Tex) 

Tissue + derived collagen materials (trade names) 

• Small intestinal submucosa (Surgisis Gold) 

• Dermal collagen graft (Permacol) 



The ideal tissue substitute would replace or reinforce the absent, attenuated, or 
failing tissue responsible for hernia formation. The material should become 
well integrated with the surrounding tissue, and produce minimal foreign- 
body reaction. Furthermore, the material should be free of the problems 
associated with many of the tissue substitutes presently available. Tissue 
engineering may provide surgeons with new and improved biomaterials for 
use in hernia repair. 



V. Schumpelick et al. (eds.) Meshes: Benefits and Risks 
© Springer-Verlag 2004 
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Healing of Tissue Substitutes 

All synthetic surgical meshes show complex, predictable, and specific healing pro- 
perties [2]. Morphologic studies have shown a persistent inflammatory reaction 
lasting several years postimplantation and a continuous cellular stress response 
to the presence of polymer fibers, which is characterized by the induction of heat 
shock proteins. In addition, proliferating cells at the mesh - tissue interface are 
indicative of persistent tissue injury including features of apoptosis, DNA strand 
breaks, and necrosis [2]. 

In contrast, collagen-based, tissue-derived materials (small intestinal submu- 
cosa, dermal collagen graft), become well integrated with the host tissue and exhi- 
bit minimal inflammatory and foreign body reaction [3, 4]. Blood vessel growth 
into the graft material and infiltration by fibroblasts has also been documented 
[1]. In addition, when used for the repair of ventral incisional hernias, fewer adhe- 
sions and resistance to bacterial infection have been shown in animal models when 
compared with synthetic mesh [5]. Furthermore, the tissue-derived materials are 
believed to have fewer associated complications [3, 5]. 



Mesh-Based Hernia Repairs 

Synthetic mesh is utilized in the vast majority of groin hernia repairs. The open ten- 
sion-free hernioplasty introduced by Lichtenstein in 1984, and other tension-free 
operations, have popularized the routine use of synthetic mesh [6]. The widely per- 
formed Lichtenstein operation and other similar tension-free operations have been 
thoroughly evaluated in several large series, and have been shown to be associated 
with improved overall outcomes, and lower recurrence rates (1% or less), when 
compared with procedures that do not utilize synthetic mesh [6, 7]. Hence, synthe- 
tic mesh remains the graft material of choice for the repair of groin hernias. 

Both synthetic and tissue-derived materials have been used in the repair of ven- 
tral incisional hernias. Numerous procedures employing synthetic mesh or colla- 
gen-based materials have been reported with varying degrees of success. Recur- 
rence rates are reported in the range of 10%, and are significantly higher when graft 
material is not utilized [8]. 

Diaphragmatic hernias, both congenital and acquired, have been repaired with 
mainly synthetic materials, utilizing numerous laparoscopic and open surgical 
approaches. For congenital diaphragmatic hernias, polytetrafluoroethylene (PTFE) 
is the preferred material when a prosthesis is required [9]. Sliding hiatal hernias, 
paraesophageal hernias, and traumatic diaphragmatic hernias have all been repai- 
red both primarily and with synthetic mesh. These prosthetic repairs have demon- 
strated acceptable long-term results [10-12]. 

Synthetic mesh, small intestinal submucosa, and dermal collagen grafts all have 
one fundamental shortcoming, namely the inability to completely replace large tis- 
sue defects, particularly those seen with complex hernias of the abdominal wall 
and congenital hernias of the diaphragm. In these situations, multiple procedures 
are often required. Newer approaches at replacing large hernia defects have recently 
been developed. 
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Tissue Engineering 

Tissue engineering is defined as »an interdisciplinary field that applies the 
principles and methods of engineering and life sciences toward the develop- 
ment of biological substitutes that restore, maintain, or improve tissue function« 
[13]. The goal of tissue engineering is to »restore function through the delivery of 
living elements which become integrated into the patient« [13]. These enginee- 
red, living elements become new, physiologic, functioning tissue within the 
patient. 

Within the field of tissue engineering, three major approaches have been deve- 
loped, (1) guided in situ tissue regeneration using biocompatible materials, (2) the 
implantation or injection of allogenic or xenogenic cells, and (3) the use of cells pla- 
ced on or within a biocompatible scaffold or matrix [14]. The third approach is a 
common method utilized in tissue engineering. 

Guided in situ tissue regeneration involves the implantation of a biological scaf- 
fold and/or delivery of tissue growth factors to a specific location in order to pro- 
mote cellular recruitment, proliferation and local tissue repair. The manipulation 
of the physiology of the tissue cells results in the generation of new tissue and/or 
cellular elements. 

Cellular implantation involves the isolation of individual cells or cellular aggre- 
gates from the patient or donor, which are then directly injected into the damaged 
tissue. The cells may also be combined with a biodegradable scaffold in vitro and 
then implanted into the patient. This approach allows cell manipulation prior to 
implantation, but is limited by rejection and loss of cell function [13, 15]. 

Engineered cellular constructs involve the in vitro culture of isolated cells, which 
are then seeded onto a synthetic or biological scaffold. The scaffold or matrix func- 
tions to guide the development of the new tissue and provides structural support. 
After adequate growth in culture, the three-dimensional, cell-matrix construct is 
implanted into the host (Fig. 1). Systems have been designed to be either open and 
completely integrated into the recipient, or closed (encapsulated) to provide pro- 
tection from the host’s immune system [13]. 



Guided In Situ Tissue Regeneration 

An example of in situ tissue regeneration occurs on the surface of particulate bio- 
active glass utilized in filling bone defects commonly seen during orthopedic pro- 
cedures [16]. The interaction of bioactive glass with bone results in the generation 
of a biologically reactive hydroxycarbonate apatite (HCA) layer, which is equiva- 
lent to the inorganic mineral phase of bone. This HCA layer on the surface of the 
material provides the ideal environment for cellular reactions that include the colo- 
nization by osteoclasts, followed by proliferation and differentiation of cells to form 
new bone [16]. 

Local delivery of growth factors may improve tissue healing and help prevent 
hernia formation and recurrence, by stimulation and proliferation of tissue macro- 
phages, lymphocytes, and fibroblasts [17, 18]. Transforming growth factor p2 
(TGFB), was shown to lower the incidence of incisional hernias in a rat model [17]. 
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Fig. 1. Engineered cellular constructs from various tissue sources [13] 
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Rats underwent 5-cm midline celiotomies and incisions were closed with fine fast- 
absorbing sutures to induce intentional wound failure. The control group received 
no further treatment. The midline fascia was injected with vehicle alone or with 
vehicle containing 1 meg of TGFB, prior to incision. Incisional hernias developed 
in 88 and 79% of untreated incisions and in those treated with vehicle alone, res- 
pectively. No hernias formed in the TGFB-treated group. In addition, histology and 
immunohistochemistry studies demonstrated increased macrophage, lymphocyte, 
and fibroblast infiltration, and increased collagen I and III production in the TGFB- 
treated incisions. 

In another rat study, fibrin glue and growth factors released by platelets were 
shown to improve the healing of an abdominal wall hernia repair [18]. A 2 x 2 cm 
anterior abdominal wall defect was created in rats and was repaired with a resorb- 
able, polyglycolic acid mesh, which was placed on the peritoneum and sutured to 
the abdominal fascia. Control animals received no further treatment. During the 
hernia repair, one group of animals had fibrin glue applied to the mesh, while ano- 
ther group had growth factors (TGFB, p thromboglobulin, and platelet-derived 
growth factor) applied to the mesh. Both fibrin glue and growth factor application 
resulted in higher herniation pressures, increased hydroxyproline content, increa- 
sed fibroblasts and collagen fibers, and a more rapid resorption of the mesh, when 
compared with controls [18]. 

Achieving a controlled healing response requires a defined delivery system 
which can apply bioactive substances to the site of action and predictably release 
them with preserved bioactivity over an extended period of time. Vascular surge- 
ons have been successful in delivering growth factors onto the luminal surface of 
synthetic vascular bypass grafts. Utilizing a fibrin glue delivery system, Greisler et 
al. evaluated fibroblast growth factor- 1 and heparin-impregnated PTFE grafts in 
both canine aortoiliac and thoracoabdominal aortic models [19-22]. A significant 
increase in endothelial cell proliferation on the luminal surface (blood contact sur- 
face) of the PTFE grafts was observed, along with the rapid development of a con- 
fluent endothelial layer at 28 days, compared with control grafts. Extensive trans- 
interstitial capillary ingrowth throughout the graft wall was also observed. In 
addition, a significant increase in subendothelial myofibroblast proliferation was 
observed at 1 month [21, 22]. 

These studies demonstrate the beneficial manipulation of wound and vascular 
graft healing through local delivery of growth factors. Guided in situ tissue rege- 
neration and/or manipulation, in the context of hernia repair, appears to be 
feasible. Identification and characterization of active growth factors, intra- and 
intercellular processes, in addition to the underlying mechanisms, is critical to the 
optimization and successful utilization of this approach. 



Cellular Implantation 

Endothelial cell seeding of prosthetic bypass grafts used in infrainguinal vascular 
reconstruction is an example of cellular implantation. 

Endothelial cells perform a series of important physiological functions, one of 
which is the maintenance of blood vessel thromboresistance [23]. Therefore, the 
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presence of a confluent monolayer of appropriately functioning endothelial cells on 
the luminal surface of a prosthetic graft should improve graft thromboresistance. 

Endothelial cell seeding involves the isolation of endothelial cells which are then 
seeded onto vascular grafts and then implanted. Alternatively, endothelial cells are 
allowed to proliferate in vitro, and are then seeded and grown to confluence on the 
vascular graft prior to implantation [24-27], 

Numerous animal studies have demonstrated decreased platelet deposition 
and increased bypass graft patency rates in endothelial cell seeded Dacron and 
PTFE grafts compared with control grafts [28-33]. However, clinical data evalua- 
ting endothelial cell seeded synthetic grafts have been limited, with mixed results. 
A twofold increase over control grafts in early graft patency and a twofold 
decrease in late amputation rates of femoral-tibial artery bypasses was observed 
using cultured endothelial cells seeded onto fibrin glue coated PTFE grafts [34]. 
Increased 1-year patency rates for seeded PTFE femoral-popliteal artery bypass 
grafts over control grafts have also been reported [35]. In addition, decreased pla- 
telet deposition and increased 5-year patency rates in seeded PTFE femoral-popli- 
teal artery bypass grafts over a 9-year period compared with control grafts, have 
also been reported [36, 37]. In contrast, other studies failed to demonstrate any 
significant long-term advantage of endothelial cell seeding of synthetic vascular 
bypass grafts [38]. 

Isolation and seeding of autologous fibroblasts onto biocompatible scaffolds or 
mesh is feasible using current tissue engineering techniques. Repair of a ventral 
incisional hernia with a tissue engineered cellular mesh may result in improved 
biocompatibility and tissue integration with minimal inflammatory and foreign- 
body reaction. To date, however, cellular implantation in situations relevant to her- 
nia repair has not yet been reported. 



Engineered Cellular Constructs 

Engineered cellular constructs have been developed from a variety of tissue sour- 
ces with encouraging results (see Fig. 1). These include skin, bone, cartilage, heart 
valves, blood vessels, myocardium, esophagus, and trachea [13, 14]. Recent studies 
where tissue engineering has been applied in situations revelant to hernia repair 
have appeared in the surgical literature [39]. 

The concept of autologous fetal tissue engineering is shown in Fig. 2. A fetus, 
diagnosed prenatally with a birth defect undergoes in utero tissue harvest via a 
minimally invasive procedure. The tissue is then engineered and expanded in vitro 
while pregnancy is allowed to continue. After birth, definitive surgical treatment 
may be performed in the neonatal period, utilizing the engineered tissue construct 
[39]. Fetal tissue engineering, has been utilized in the repair of diaphragmatic 
hernia in a sheep model by Fauza et al. [19]. 

Congenital diaphragmatic hernia repair carries a reported recurrence rate as 
high as 75%, and most commonly occurs in children in whom a synthetic mesh 
was used for repair of the hernia [39]. A major mechanism behind hernia recur- 
rence is believed to be related to normal growth, which leads to traction and even- 
tual detachment of the prosthetic graft. In addition, the use of synthetic material 
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Fig. 2. The concept of 
autologous fetal tissue 
engineering: minimally 
invasive harvest of fetal 
tissue, which then is 
engineered in vitro while 
pregnancy is allowed to 
continue, so that a new- 
born with a prenatally 
diagnosed birth defect 
can benefit from having 
autologous, expanded 
tissue promptly available 
for definitive surgical 
correction in the neo- 
natal period [19] 



for repair of the diaphragmatic hernia is also associated with higher rates of 
infection, adhesions, and both thoracic and spinal column deformities [39]. 

In the study by Fauza et al., fetal lambs underwent in utero harvest of skeletal 
muscle. The fetal myoblasts were expanded in vitrOy and then suspended in a colla- 
gen hydrogel submitted to controlled radial tension. The cellular constructs were 
then grown in a bioreactor. After birth, all animals underwent creation of bilate- 
ral diaphragmatic defects. One defect was repaired with the autologous, enginee- 
red construct placed between two acellular supporting membranes, and the other 
defect was repaired with an identical construct without cells. Each animal served 
as its own control. Eventration of the diaphragm occurred in 100% of acellular 
grafts compared with 20% of engineered constructs. Fetal myoblasts expanded 
twice as fast as neonatal cells. The engineered tissue constructs were significantly 
thicker and histologically resembled normal skeletal muscle, whereas the acellular 
grafts were thin, and showed low cell density and fibrosis. 

Although still in the experimental stage and not yet ready for widespread clini- 
cal application, engineered tissue constructs show potential as another treatment 
option available to the surgeon for the repair of congenital diaphragmatic hernia. 
In addition, the tissue engineering techniques can be applied to produce a similar 
graft that may be useful in the repair of acquired diaphragmatic hernias. Further- 
more, the concept of fetal tissue engineering may become a viable option in the 
treatment of prenatally diagnosed congenital anomalies. 



Future Perspectives 

Approximately 609 000 groin hernias and 379 000 other hernias (umbilical, epi- 
gastric, ventral incisional, and diaphragmatic) are repaired in the United States 
each year [40]. Recurrent hernias are included in these data. Synthetic mesh is 
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Table 2. Potential applications of tissue engineering technology 

Local delivery of growth fiurton 

• Groin hernia 

• Recurrent groin hernia 

• Ventral incisional hernia 

• Recurrent ventral incisional hernia 

• Diaphragmatic hernia, congenital and acquired 

• High-risk surgical incisions 

Methods of growth factor delivery 

• Local injection 

• Fibrin glue delivery system 

• Coated prosthetic mesh 

• Coated suture 



Engineered tissue constructs 

• Massive multirecurrent abdominal wall hernia 

• Abdominal wall reconstruction 

• Diaphragmatic hernia, congenital and acquired 



used in the vast majority of these operations with acceptable clinical results. In 
the next several years, application of tissue engineering technology will likely pro- 
vide additional options in the treatment of hernias. Potential applications are listed 
in Table 2. 

Local delivery of growth factors may be useful in accelerating the appearance 
of macrophages, lymphocytes, and fibroblasts at the site of a hernia repair, at the 
wound edges, and at the mesh - fascia interface. Activation and proliferation of 
cells will also increase collagen and extracellular matrix wound content, ultimately 
strengthening the hernia repair, resulting in a lower likelihood of failure. Growth 
factors such as TGFB may be injected directly into the fascia and surrounding tis- 
sues during the repair of a ventral incisional hernia, groin hernia, or diaphrag- 
matic hernia. Growth factor delivery may prove to be particularly useful in the tre- 
atment of recurrent hernias. In addition, the method of delivery is another area 
of investigation and development. Growth factors may be delivered to the wound 
by injection or direct application in fibrin glue or other delivery systems. Alter- 
natively, the growth factors may be directly applied or bound to tissue substitutes 
or suture material. At the time of operation, growth factors would then be released 
at the site of action when the factor coated mesh or suture is placed in the wound 
during hernia repair. 

The beneficial effects of proliferative growth factors on tissue healing may 
extend beyond the boundaries of hernia repair. These substances may eventually 
be utilized in all types of surgical incisions that are at high risk of failure. 

The use of engineered tissue constructs will likely become a viable option in 
the treatment of abdominal wall and diaphragmatic hernias. Massive, multirecur- 
rent incisional hernias remain a difficult surgical challenge. The ability to produce 
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tissue constructs that will replace attenuated or absent segments of the abdomi- 
nal wall will allow significant advances in surgical abdominal wall reconstruction. 
In addition, closure of diaphragmatic hernias with tissue constructs containing 
autologous skeletal muscle will likely lead to improved long-term results. 
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Discussion 

DeBord: Is it likely that if I engineered a prosthesis or engineered a matrix that 
releases material that would stimulate the response you want, would more 
likely require to be individually engineered for the patient, not just rats versus 
horses versus humans. Do you think that you would have to make it for each 
patient? 

Greissler: I guess that would be the ideal situation, depending on what particular 
response you are looking for, and how well controlled that particular response is 
from patient to patient and from species to species. That would be the idea. 
Everyone seems to place blind faith in a wonderful paper looking at 60 micron 
expanded ePTFE and capillary ingrowth across the wall of the ePTFE. This was in 
a baboon model. Another author tried to repeat the same experiment in South 
Africa, and was unable to successfully get the recruitment of capillaries. I asked 
him why that is and his answer was that in South Africa the only baboons they 
can catch are the old ones. The old ones, I suppose, were American-bred and pur- 
pose-bred for research. Young baboons are very different. You are absolutely 
right. It is very difficult to extrapolate from one to another. 

Simmer macher: As far as I know, it is extremely expensive to use these techniques 
in the patients later on. Would you please comment on the funding on these kind 
of investigations and on the effects that kind of surgery or treatment would have 
on the patient. I learned from several talks that doing this would use a new infra- 
structure to organize things and it would cost too much even for big companies to 
support any of these investigations. 

Greisler: Industry does play a real role, and the usual strategy, I believe, is for inno- 
vators of ideas to come through a small industry representation: a small company 
with seed money to generate exciting possibilities, and then sort of sold the tech- 
nology to a larger company. That is what I have observed. I am not a business man. 

Schumpelick: Is there any work being done on stem cell implantation in this tis- 
sue? 

Greisler: Absolutely. There is a fair amount done right now on stem cells. There is 
some work in my lab, actually, looking at attempts to mobilize bone-marrow-deri- 
ved progenitor cells to home onto surfaces that had been denuded, arterial surfa- 
ces, and there is some excellent work from other laboratories as well. 
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Klosterhalfen: You have thought about the scaffolds you use, basically if you have 
a large pore construction you would have a spontaneous vascularization, I believe. 

Greisler: In terms of PTFE, I assume, is your question? Because I think all materi- 
als are different. The scaffolds that I showed were ePTFE, and that is true. The rea- 
son I do this particular work in dogs is that dogs do not spontaneously re-endo- 
thelialize 60 micron ePTFE nor, I believe, do humans. Baboons, I think, in some 
cases do, certainly rabbits do, that I know. 

Bendavid: Whenever you read reports by various investigators who write on 
Dacron, ePTFE and polypropylene, they report that their material evokes or 
provokes a least inflammatory reaction and this happens so often I am confu- 
sed. Could you clarify, can it be clarified? 

Greisler: I do not know if it can be clarified, but I shall make an attempt to do so. 
First let me say that inflammation is not necessarily a bad thing in my mind. I 
think there are some aspects in inflammation that we ought to try to encourage. 
Many aspects of inflammation are bad. I think polypropylene is much less of a 
provoker of inflammatory responses than polyethylene or Dacron. PTFE is pro- 
bably more similar to polypropylene in that regard. PGA products are intense pro- 
inflammatory agents, but that may be okay, since it is a transient inflammation that 
they induce. 




IV Anatomic Basics 




14 The Abdominal Wall - 
Where to Place the Mesh? 
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Introduction 

The ventral abdominal wall is bounded above by the xiphoid process and the costal 
arches and below, from lateral to medial, by the iliac crest, the anterior superior 
iliac spine, the inguinal ligament of Poupart, the pubic tubercle, and the symphy- 
sis. The integrity of the abdominal wall essentially influences the physical capabi- 
lity and thereby the life-quality of our patients. The extraordinary dynamics result 
from the complex interactions within this framework of bones, muscles and fas- 
das, which are impossible to keep motionless even for a short period. The com- 
plicated anatomical architecture of the ventral abdominal wall presents some weak 
areas, which are predisposing factors for the origin of hernias. Thorough anato- 
mical knowledge of these regions is essential for understanding the pathological 
appearances as well as for understanding the conventional and laparoscopical sur- 
gical reparation techniques. Beyond this common knowledge a detailed investiga- 
tion of the troublesome zones of the abdominal wall is necessary to give the sur- 
geon hints for new operation strategies, e.g. for the insertion of meshes. 

In order to provide both the common anatomical knowledge and some »new« 
descriptions, the regular anatomy and function will be recapitulated first. 



General Anatomical Basics 

Muscular Anatomy 

The muscles of the ventral abdominal wall are integrated into an osseous frame 
composed of the lower ribs and the pelvis. Laterally, the muscular part consists of 
three flat muscles, from external to internal: the external oblique muscle, the internal 
oblique muscle and the transverse abdominal muscle. The medial part consists solely 
of the rectus abdominis muscle, which is enclosed within the rectus sheath (Fig. 1). 

The rectus abdominis muscle originates with three dentations from the costal 
cartilages of Th5 to Th7 as well as from the xiphoid process. Then the muscle des- 
cends vertically beside the midline in order to insert at the pubic crest. The muscle 
is interrupted by three or four transverse tendinous bonds, the intersectiones ten- 
dineae. One lies at the level of the umbilicus, one at the level of the xiphoid pro- 
cess, and one between the two others. The facultative fourth one may be present 
somewhat below the umbilicus. These intersectiones tendineae are fused firmly 
with the anterior lamella of the rectus sheath but not with the posterior one. Thus, 
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Fig.1. Schematic drawing, illustra- 
ting the rectus abdominis muscle 
and the transversus abdominis 
muscle. 1 Rectus abdominis muscle; 
2 transversus abdominis muscle; 3 
semilunar line of Spigel; 4 aponeu- 
rosis of transversus abdominis 
muscle; 5 arcuate line of Douglas; 6 
posterior lamella of rectus sheath; 7 
tendinous intersection 



there is a large space between the dorsal surface of the muscle and the posterior 
lamella of the rectus sheath. The tendinous intersections are relics of the former 
metameric trunc architecture and enable the bending of the trunk instead of sim- 
ply shortening the distance between the xiphoid and the os pubis. Medially the 
intersections are fixed at the linea alba as well as the rectus muscle itself. 

The arterial supply of the rectus muscles originates from the superior and infe- 
rior epigastric artery which are embedded in the dorsal surface of the rectus abdo- 
minis muscle. The nerve supply originates from the ventral rami of Th7 to Thl2, 
frequently completed by additional branches of Th6 and LI. The nerves run on the 
dorsal surface of the internal oblique muscle, then cross the semilunar line and 
enter the muscle from lateral and dorsal. 

The external oblique muscle (Fig. 2) originates at the 5th to 12th rib with an 
almost horizontal orientation of the fibers in the cranial part, whereas in the lower 
ones the fibers are orientated caudally. The muscle inserts at the external labium of 
the iliac crest, at the pubic tubercle and within the linea alba. The orientation of the 
fibers corresponds to the fiber arrangement within the aponeurosis, which crosses 
the median line and penetrates the fibers of the contralateral side. The muscle is 
supplied by branches from Th5 - Th 12, often completed by LI. The vessels originate 
from the deep circumflex iliac artery, from the inferior and superior epigastric 
artery, from the musculophrenic artery, and from the lateral thoracic artery. 

The internal oblique muscle (Fig. 3) starts at the linea intermedia of the iliac 
crest, at the superficial lamina of the lumbodorsal fascia, and at the lateral part of 
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Fig. 2. Schematic drawing, illu- 
strating the external oblique 
muscle. 

1 external oblique muscle; 

2 serratus anterior muscle; 

3 latissimus dorsi muscle; 

4 Gaupp’s corner 




the inguinal ligament. The muscle inserts with a cranial margin from the tip of the 
10th to the tip of the 12th costal cartilage and with a ventral margin in a line from 
the pubic tubercle to the tip of the 10th rib. The lower part of the muscle together 
with fibers of the transverse muscle constitutes the cremasteric muscle of the sper- 
matic cord. The fiber arrangement of the aponeurosis generally corresponds to the 
orientation of the muscle fibers. At the back side of the muscle the segmental 
nerves (Th8-Ll) as well as the vascular structures (mainly of the vasa circum- 
flexa ilium profunda) are embedded in a thick layer of connective tissue. Only at 
the distal part do the nerves and vessels perforate the muscle and continue on the 
ventral surface in medio caudal direction. 

The transverse abdominal muscle (see Fig. 1) is the most inner muscular structure 
with predominantly horizontal fiber orientation, covered dorsally by the fascia trans- 
versalis. The transition of the muscle into its aponeurosis forms the semilunar line 
of Spighel. There are two important but very variable accessory pelvic insertions of 
the transverse abdominal muscle: the falx inguinalis (also called conjoint tendon) 
and the interfoveolar ligament of Hesselbach. The conjoint tendon is a triangular 
sheet of connective tissue with a sickle-shaped lateral margin. Medially this structure 
is fused to the lateral border of the rectus muscle and caudally its base inserts at the 
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Fig. 3. Schematic drawing, 
illustrating the internal obli- 
que muscle. 1 internal oblique 
muscle, 2 aponeurosis of 
internal oblique muscle, 3 
rectus abdominis muscle 



medial part of the inguinal ligament as well as at the superior margin of the pubic 
bone. The interfoveolar ligament of Hesselbach is a fiber plate, which branches from 
the aponeurosis of the transversus muscle in the region of the arcuate line, runs cau- 
dally and inserts at the inguinal ligament as well as at the pecten ossis pubis. The 
interfoveolar ligament separates the laterally positioned deep inguinal ring from the 
medial inguinal fossa. The inferior epigastric vessels rest on the interfoveolar liga- 
ment. Both structures, the conjoint tendon as well as the interfoveolar ligament, can 
contain muscular fibers. If the muscular fibers become obvious within the interfo- 
veolar ligament, the interfoveolar muscle of Hesselbach will be described. 

The transverse abdominal muscle is supplied by branches of Th5 (6) running 
on the ventral surface, occasionally supported by branches from the iliohypoga- 
stric and ilioinguinal nerves. 



Fascias and Linea Alba 

There are several special soft tissue systems in the abdominal wall system, which 
are well described and must not be discussed further in this place (Neidhardt 1998; 
Prescher 1999; Skandalakis 1999; Bendavid 2001; Prescher and Lierse 2001). Beyond 
these systems, for example the fascia transversalis, the fascia subcutanea (Camper), 
the fascia abdominis superficialis (Scarpa) and the rectus sheath, there are well- 
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dissectable fascias, ensheathing both oblique muscles and the transverse muscle. 
Between the external and internal oblique muscles a thick layer of connective tis- 
sue is located. This layer is formed by the dorsal fascia of the external oblique 
muscle and the anterior fascia of the internal oblique muscle. Usually it is not dif- 
ficult to separate these fascias from the surfaces of the muscles. The second impor- 
tant layer is located between the inner surface of the internal oblique muscle and 
the tranversus muscle. In this part the dorsal fascia of the internal oblique muscle 
cannot be separated from the anterior fascia of the transverse abdominis muscle, 
but the whole connective tissue layer can easily be separated from the underlying 
muscle. The segmental nerves and vessels are embedded in this layer of connec- 
tive tissue. 

The linea alba appears as a macroscopically white band of connective tissue, 
resulting from the medial union of the bilateral aponeuroses of the abdominal 
muscles. Cranially it is strongly fixed at the xiphoid process, whereas caudally it is 
inserted at the pubic symphysis where it radiates with numerous fibers into the fas- 
cia of the adductor muscle group. According to Eisler (1912), two main parts of the 
linea alba can be distinguished: the cranial part and the caudal part. The cranial 
part extends up to 4-5 cm caudal to the umbilicus and has a width of 1-1.5 cm. 
The sagittal thickness is very small (ca. 1 mm). The caudal part can be seen as a 
small, condensed, tendinous tract. The French anatomists call the cranial part par- 
tie rubannee, whereas the caudal part is termed partie lineaire. This nomenclature 
characterises the anatomical structure very well. Askar (1977) presented a very 
sophisticated system of the crossing fibers. This complicated system could not be 
confirmed in recent studies, investigating the collagenous network of the linea alba 
using three dimensional confocal laser microscopy (Axer et al. 2000 a, b). Accor- 
ding to these investigations, the linea alba presents three layers with a different 
fiber architecture: the ventral layer consists of four to six layers of intermingling 
oblique fibers, the second (medial) layer presents four to six layers of mainly trans- 
verse fiber bundles, whereas the third (innermost) layer consists of one or two layers 
of irregular, mainly oblique fibers (Fig. 4). This innermost layer is inconstant and 
can be missing. 

ventral 



Fig. 4. Architecture of the linea alba. 
Note the three typical layers: a the 
anterior layer consists of interming- 
ling oblique fibers; b the medial 
layer shows mainly transverse fibers; 
c the posterior layer presents irre- 
gular and mainly oblique fibers 
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Topography of Nerves and Vessels in the Anterolateral Abdominal Wall 

The muscles of the anterolateral abdominal wall are supplied by the segmental 
nerves Th 7-12, whereas the lower anterolateral abdominal wall is innervated 
additionally by the iliohypogastric and the ilioinguinal nerve arising from the 
lumbar plexus. This innervation was intensively studied by Hovelaque (1927) and 
is well known to anatomists (Flament et al. 2001). It is essential to note that these 
nerves travel first between the internal oblique and the transverse abdominal 
muscle, ensheathed within a broad connective tissue layer. In the ventral part the 
segmental nerves are entering the rectus sheath, travel behind the rectus muscle 
and reach the muscle somewhat medial to its lateral margin. Several anastomoses 
are present between the segmental nerves within the rectus sheath, so that a ner- 
val plexus is formed (Neidhardt 1998). The cutaneus ramus of the subcostal nerve, 
the iliohypogastric, and the ilioinguinal nerve perforate the internal oblique muscle 
in an oblique line nearly above the medial half of the inguinal ligament of Poupart 
and are travelling between the external oblique and the internal oblique muscle 
in a caudomedial direction. The ilioinguinal nerve then enters the inguinal canal 
and runs through the superficial ring. 

The blood supply reaches the muscles also from segmental arteries accompany- 
ing the segmental nerves as well as from the inferior and the superior epigastric 
artery. In the caudal part the deep circumflex iliac artery (external epigastric 
artery) is also important, which originates at the entrance of the lacuna vasorum 
from the lateral aspect of the external iliac artery and accompanies the inguinal 
ligament 1-2 cm cranially. Laterally the artery lies in the groove formed by the 
transversus abdominis muscle and the iliacus muscle and communicates with the 
fourth lumbar or with the iliolumbal artery. From the deep circumflex iliac artery 
an ascending muscular ramus arises, which lies between the internal oblique and 
the transverse abdominal muscle and performs the main blood supply of the 
internal oblique muscle (Ramasastry et al. 1986). This ramus was also called late- 
ral epigastric artery in former times, and may cause severe bleeding if disrupted. 



Special Considerations Concerning the Stratigraphy of the 
Anterolateral Abdominal Wall 

The mentioned anatomical regions exhibit well-known problems regarding the ins- 
ertion of meshes (Cohen 1985; Read and Yoder 1989; Schumpelick et al. 1999). 
Therefore these regions will be described more closely in order to derive recom- 
mendations affecting the mesh position. 



Costal Arch Region and Subxiphoid Region 

Following the above-mentioned general anatomical considerations, we would like 
to evaluate more closely the stratigraphical anatomy of the subcostal region, in 
which the subcostal incisions and the incisions according to Leclerc are carried 
out. 
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This region has to be analyzed in two steps, since the lateral muscle group (exter- 
nal oblique muscle, internal oblique muscle and transverse abdominis muscle) is 
located laterally while medially we find the rectus abdominis within its sheath. 
First the lateral area will be described: after removal of the tela subcutanea the 
superficial fascia of Scarpa appears as a thin layer of translucent connective tis^ 
sue. If this layer is lifted carefully, it becomes obvious that the fibers are running 
upwards in an inclined direction towards the midline. In the medial parts this 
layer becomes quite adherent to the anterior sheath of the rectus muscle, where it 
is difficult to detach. 

Below the superficial fascia the anterior fascia of the external oblique muscle 
can be found. This layer is strongly developed above the muscle, but it is clearly 
thinning above the aponeurosis. Inspection of the texture of this fascia shows 
that the direction of the fibers corresponds to the muscle fibers. Following transi- 
tion across the costal arch, however, this texture changes, deflecting the fibers 
into a more horizontal direction almost perpendicular to the previous one. After 
removal of the external oblique muscle, the lack of direct attachment to the costal 
arch becomes evident. The muscle in this place is exclusively fixed by means of 
tender fibers of connective tissue. A thin dorsal muscular fascia, which can easily 
be prepared, shows the same direction of the fibers as the muscle itself. 

Subsequently, the aponeurosis of the internal oblique muscle, with the fibers 
directed upwards in a slanted direction towards the midline, becomes noticeable. 
This aponeurosis is also enclosed within a tender fascia. This fascia is extremely 
thin and therefore cannot be prepared. It rather serves as a connective tissue layer 
facilitating sliding motion. The internal oblique muscle itself is located consider- 
ably more laterally. 

The next layer which appears is the sturdy superficial fascia of the transverse 
abdominis muscle. The fibers of this fascia are orientated in a horizontal direction. 
This fascia can easily be prepared and extends above the costal arch into the region 
of the chest. The fascia of the transverse muscle adheres to the costal arch but is 
easily detachable. The transversus itself extends below the costal arch and inter- 
mingles with the diaphragm in the area of its costal origin. The dorsal aspect of 
the transverse muscle is covered by the fascia transversalis and the peritoneum. 
In this place, these two layers are inseparable. Furthermore, it is also easy to sepa- 
rate the transverse muscle from the ribs. 

In the medial region the rectus abdominis muscle can be seen within its sheath. 
Below the superficial fascia the anterior lamina of the rectus sheath, composed of 
the aponeurosis of the external oblique muscle and the anterior part of the apo- 
neurosis of the internal oblique muscle, becomes visible. These two components 
are separable in the lateral area, but only to a limited extent. After the anterior 
wall of the rectus sheath is folded away, the rectus abdominis, in this region regu- 
larly showing an intertendinous intersection, becomes evident. These intersec- 
tions are firmly fused to the anterior lamina of the rectus sheath and must be sepa- 
rated with a sharp cut. Due to these fusions, chambering occurs in the space 
anterior to the rectus muscle whereas the space behind the muscle does not show 
such subdivisions. 

The next step in the process of preparation involves mobilization and folding 
out of the rectus abdominis muscle. For this purpose the tender fibers of connec- 
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tive tissue located medially (medial insertion) have to be disconnected at the linea 
alba. Subsequently, mobilization of the muscle becomes easy as no attachments 
exist at the dorsal side. Attention should be paid to the large longitudinal system 
of blood vessels, composed of the superior epigastric artery and the inferior epi- 
gastric artery which are embedded in a muscular groove at the dorsal side of the 
rectus muscle. The superior epigastric artery represents the continuation of the 
internal thoracic artery through the sternocostal trigone of Morgagni on the right 
side, the sternocostal trigone of Larrey on the left side, respectively. The anasto- 
moses to the inferior epigastric artery are formed by various ways and means. 

On the dorsal surface of the rectus abdominis muscle a tender fascia resemb- 
ling a thin veil becomes visible. Furthermore the posterior part of the aponeurosis 
of the internal oblique muscle can be seen. Medially, the sheath of the rectus ter- 
minates at the linea alba, which is fixed cranially at the xiphoid process. 



Lateral (s. Pararectal) Region 

On an overview the three lateral muscles are expected in this region. After remo- 
val of the subcutis and of the superficial fascia, the anterior fascia of the external 
oblique abdominis muscle can be observed. This fascia continues onto the apo- 
neurosis of the muscle, but is then considerably thinner. The fascia is also stron- 
gly fused with the transition line between muscle and aponeurosis, a noteworthy 
condition. Accordingly, two separate compartments result, one between the fascia 
and the muscle, the other between the fascia and the aponeurosis. 

If the anterior fascia is removed, the direction of the fibrous fibers can be noted 
to correspond exactly to the direction of the muscular fibers, which are directed 
from the top in the back to the bottom in the front. 

After folding away the external oblique muscle the posterior fascia of the exter- 
nal oblique muscle can be seen. This layer, however, shows enough stability to allow 
preparation of the entire structure in one single piece. Some fibers of the muscle 
even originate from this fascia and therefore adhere firmly. 

The pronounced fascia of the internal oblique muscle, which shows coarse fibers, 
represents the next detail becoming visible. This fascia may carry fat to a varying 
extent. The fascia can be isolated easily from the muscle below. Time and again 
small septa of the fascia extend into the underlying muscle and separate the coarse 
muscle fibers. The direction of the fibers of the fascia is exactly oriented as the 
fiber direction of the muscle. 

After folding out the internal oblique muscle, the inseparable fusion of the 
dorsal fascia with the fascia of the transverse abdominis becomes noticeable. This 
fascia, common to the internal oblique and the transverse abdominis muscle, also 
serves as an origin of the internal oblique muscle. Accordingly some fibers are 
adherent. The fascia can be removed from the transversus abdominis without diffi- 
culty to expose the horizontally directed, coarse muscular fibers. 

During preparation of the dorsal surface of the muscle, the peritoneum can be 
removed as an integral layer. Macroscopically, no distinct texture is noticeable 
however. Below the peritoneum the fascia transversalis becomes visible. This layer 
cannot be separated from the dorsal fascia of the transverse abdominis muscle. 
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Anatomically Derived Mesh Localization 

Costal Arch Region and Subxiphoid Region 

The main structure of the xiphoid region is the very variable cartilaginous-osseous 
xiphoid process. According to Zimmer (1939), more than 32 types can be descri- 



Flg. 5. Sagittal section through the xiphoid region. 
Notice the extended retroxiphoid space (spatium 
retroxiphoideum). 1 Xiphoid process; 2 sternum; 
3 pericard; 4 diaphragm; 5 sternal portion of 
diaphragm detached from the sternum; 6 exten- 
ded retroxiphoid space 





Fig. 6. Retroxiphoid space opened by detaching the linea alba from the xiphoid process. 1 xiphoid 
process; 2 linea alba; 3 posterior lamella of rectus sheath; 4 costal arch with rectus muscle; 
retroxiphoideal space 
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Fig. 7. Preparation of the retroxiphoid space with inserted mesh. Note the large extension of 
the mesh into the healthy tissue 



bed. The linea alba is strongly fixed at this osseous or cartilaginous structure. This 
attachment can only be separated by sharp violence. After separating the linea alba 
a retroxiphoid space can be opened, which contains only loose connective tissue 
and fat (Figs. 5 and 6). If this tissue is thoroughly dissected the peritoneal layer 
will not be opened. The preparation can be enlarged in the cranial direction by 
separating the small sternal insertion of the diaphragma. In this space a mesh can 
be integrated, which overlaps the hernial defect for a minimum of 5 cm according 
to the principle of corrective hernia repair (Fig. 7). The different forms of the 
xiphoid process are also of surgical importance: if a short and small process is 
established, the available space may be small and it can be difficult to insert the 
mesh. A large and broad process may present a large retroxiphoid space, where a 
mesh can easily be integrated, often without separating the sternal insertion of the 
diaphragm. 

If a large fascial defect exists, it may be necessary to fix the mesh in the lateral 
parts too. In literature (Merrell and Than-Trong 1985; Alver et al. 1994) it is descri- 
bed that the mesh can be fixed to the costal arch with several loops. According to 
the anatomy, the loops can be fixed through the cartilaginous holes between the 
costal cartilages. This technique may lead to severe pain, because the perichon- 
drium of the costal cartilages is very well innervated. Therefore it would be better 
to avoid fixation at a cartilaginous-osseous structure. Alternatively, the fascial layer 
between the internal and the external oblique muscle can be dissected. This nearly 
bloodless layer can easily be enlarged above the costal arch, because the external 
oblique muscle originates from the outer surface of the 5th to the 12th rib and is 
only weakly fixed at the costal arch. In this large space the mesh can be inserted 
without any problems (Fig. 8). Due to this strong muscular entrapment, fixing the 
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Fig. 8. Costal arch region. The mesh is inserted under the rectus abdominis muscle and the exter- 
nal oblique muscle but above the thoracic wall 



mesh at the very extensively innervated costal arch can be avoided, thereby surely 
preventing the hurtful irritation of the periost. The described position seems to 
be better than the position between the internal oblique muscle and the tranver- 
sus muscle, which extends under the costal arch. A preparation going too far cra- 
nially in this place might open the thoracic cavity and may cause complications 
such as pneumothorax or severe infection. 

The best method will be the avoidance of the subxiphoidal incisional hernia by 
thoroughly adapting the anatomical layers or by preventing the separation or res- 
ection of the xiphoid process, e.g. during a sternotomy. In this sense Earner (1987) 
describes a modified paraxiphoidal approach of the sternotomy. 



Lateral (s. Pararectal) Region 

The lateral region is not a complicated anatomical region and presents a clearly 
defined stratigraphy. It is easy to dissect the external oblique muscle from the 
internal oblique one, due to the dorsal and anterior fascial lamella. Furthermore 
no essential vessels or nerves can be expected in the ventral part of this layer. Only 
in the dorsal part perforating branches of the segmental nerves and vessels appear, 
but these structures are not really important. If the rectus sheath will be opened at 
its lateral margin it will additionally be possible to insert the mesh behind the rec- 
tus muscle (Fig. 9). Therefore the mesh can easily be placed up to 5 cm behind the 
healthy tissue and the principle of the sublay technique is fulfilled. Furthermore 
there will be no risk of folding, because the mesh is entrapped between two strong 
muscles. The possibility of seroma is also low, because the muscular layers have a 
high resorption capacity. The position between the external and the internal obli- 
que muscle seems to be an anatomical optimal mesh position. 
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Fig. 9. Lateral region. The mesh is placed between the external and the internal oblique muscle, 
extending above the costal arch. Furthermore, the rectus sheath is opened at its lateral mar- 
gin. The mesh therefore can easily be placed behind the rectus muscle also. The arrows point 
to the segmental nerves and vessels of the rectus abdominis muscle 
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Discussion 



Kingsnorth: I do not understand how in vivo you can get a mesh at the costal arch 
between the external oblique and the thoracic wall, and secondly between the exter- 
nal and the internal oblique laterally. How do you do this in vivo? I can see in your 
cadavers that you can dissect these layers and get the mesh in that position, but, 
particularly, for instance, quite a common incisional hernia is in the loin, where 
it is very difficult to get a mesh between the fascial layers, and we usually end up 
doing an onlay, not a sublay. 

Prescher: The preparation would be possible if the incision is made at the lateral 
margin of the rectus sheath. Then it will be easy to detach the aponeurosis and to 
prepare under the muscles. The fascial layer is only connected with a very loose 
connective tissue, and it is a nearly bloodless layer. The preparation is very easy. 
The difficult step is to create the incision at the right position at the lateral margin 
of the rectus sheath. 

Schumpelick: The reason why we did these experiments together with Dr. Prescher 
was that we had problems in understanding the anatomy, how the muscles vanish 
here. And we had problems with mesh, because we cannot fix it here. Especially the 
Vypro mesh is difficult to fix without muscle layers. Then we asked: what can we 
do? Then he showed us one layer between two muscles without any blood supply. 
That is a good layer for the mesh. We learned it from him. 

Read: I wonder whether Prof. Stoppa could comment on this lateral incision. With 
his operations he has done thousands of these lateral incisions. 
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Stoppa: It is actually possible to make a lateral incision for safe access to the layers 
of the oblique muscles. 

Flament: For 20 years I have been the chief of the anatomy department in my uni- 
versity, so I know in detail about anatomy. Below the arcuate line there is no pro- 
blem to go very largely on the flank, you have no posterior rectus sheath. Above the 
arcuate line I totally agree with you. If you dissect the anterior rectus muscle free 
after the perforating vessels you can go further without cutting the posterior rec- 
tus sheath, but I think the space between the transverse muscle and the internal 
oblique muscle is better prepared than the plane between external oblique and 
internal oblique. We easily go between the transverse and the internal oblique 
muscle, but we have to cut an aponeurosis above the arcuate line. It is obvious at 
the cross-section of the abdominal wall. 

Prescher: We have left this space because there the segmental nerves and vessels 
are running, which can be hurt and then the innervation of the rectus muscle will 
be disturbed. In the cranial region, I suppose, it is dangerous to prepare in this layer 
under the costal arch, because if the preparation goes too far cranially the thora- 
cic cavity will be opened. There is no reliable landmark to stop the cranial prepa- 
ration. 
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1 5 Pathophysiology and Pathology of the 
Foreign-Body Reaction to Mesh Implants 

F.A. Offner 



Modern hernia surgery is no longer imaginable without the application of surgi- 
cal meshes. Presently approximately 1 million meshes are implanted worldwide per 
year. The net-like alloplastic mesh is used to close the hernial gap and, with exten- 
ded overlap, to reinforce the abdominal wall (Luijendijk et al. 2000). However, despite 
the increasing number of implantations, our knowledge about the tissue response 
to implanted meshes in humans and their long-term biocompatibility is still poor. 
Nearly all the data about the biological behaviour of these implants are obtained 
from animal experiments. 

The implantation of meshes is carried out using a surgical procedure. This 
surgical procedure initiates a response to injury by the body and mechanisms are 
activated to maintain homeostasis. The mechanisms can be divided into blood- 
material and tissue-material interactions (Table 1). These cell-cell and cell-bio- 
material interactions are extremely complex and involve a myriad of mediators 
including chemotactic substances and growth factors that mediate cell function 
such as activation, proliferation, and protein production (Imhof and Dunon 
1995; Liles and VanVoorhis 1995). 

Main polymers for the production of surgical meshes are polypropylene (PP), 
polyester (polyethylene-terephthalat PET) and expanded poly-tetra-fluoroethylene 
(ePTFE), all non-absorbable (Beets et al. 1996; Bellon et al. 1996; Vestweber et al. 



Table. 1 . Local host reactions 



• Blood - material interactions 



- Protein adsorption 
Complement activation 

- (^oaglulation 
= Fibrinolysis 

- Platelet activation 

- Leucocyte adhesion 

• Tissue material interactions 



Granulation tissue formation 

- Tissue adhesion 
Tissue ingrowth 

- Fibrosis 



V. Schumpelick et al. (eds.) Meshes: Benefits and Risks 
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1997; Schumpelick et al. 1999 a; Klosterhalfen et al. 2000 b). Some newer mesh modi- 
fications are combined with absorbable polymers such as polyglactin PG910 (Vicryl) 
to improve the handling characteristics for implantation (Klinge et al. 1998 b, 1999 a; 
Schumpelick et al. 1999 a). 

Basically, surgical meshes are regarded as physically and chemically inert and 
stable, non-immunogenic and non-toxic. However, all these materials are not bio- 
logically inert. In fact, all experimental and clinical studies have revealed a typi- 
cal foreign-body reaction in the interface of all mesh modifications on the market 
today (Klosterhalfen et al. 2000 a). In contradiction to their physical and chemical 
stability, the meshes trigger a wide variety of adverse responses in vivo including 
inflammation, fibrosis, calcification, thrombosis or infection. The quality of the 
inflammatory reaction on foreign bodies of different nature is surprisingly constant 
and characterized by a rapid accumulation of huge numbers of phagocytic cells, 
in particuliar, blood monocytes and tissue-derived macrophages and the forma- 
tion of a granulomatous cellular reaction including characteristic multinucleated 
foreign body giant cells (Klosterhalfen et al. 2000 a). The aim of this process is to 
isolate the foreign-body from the host tissues forming an artificial »outside world« 
at the place of implantation. The same principles are thought to be responsible for 
the formation of the prototypic granulomas in tuberculosis - here again the host 
is not able to remove the inflammatory agent, namely mycobacterium tuberculosis 
(Kaufmann 1993). 

However, it is still poorly understood why inert and non-immunogenic mate- 
rials like meshes induce this particular type of inflammatory tissue reaction. An 
important hypothesis is that this reaction is triggered by the adsorption of host 
proteins which subsequently undergo conformational changes leading to persi- 
stant tissue injury. The protein adsorption from biofluids onto polymeric surfa- 
ces obviously plays a mediating role not only in the development of the foreign- 
body reaction but also in the process of regeneration and ingrowth of connective 
tissue and is, therefore, also crucial for the long-term performance of medical devi- 
ces. Protein adsorption is now widely acccepted in biomaterial research as one of 
the most important pathomechanisms leading to the very typical tissue respon- 
ses to implants (Tang et al. 1993; Tang and Eaton 1993, 1995; Kao et al. 1994; Hunt 
et al. 1996). 

The absorption of plasma proteins to implanted polymers takes place within 
milliseconds to seconds - long before an initial cellular response on the 
biomaterial can be observed - and is affected by the electrosurface properties of 
the various polymers (Hunt et al. 1996). Examples comprise the binding of kinino- 
gen to negatively charged surfaces and the heparin-like activity of negatively 
charged macromolecules. Interestingly, the binding of the proteins does not lead 
to a stable polymer - protein interaction. It is a dynamic process which is 
obviously subject to a distinct hierarchy described by Vroman and coworkers 
(Vroman effect) (Vroman and Adams 1969a,b). Initially, there is binding of low 
molecular weight proteins in particular albumins which become gradually 
replaced with time by proteins of higher molecular weight like fibrinogen and 
immunoglobulins. Finally, the latter proteins become replaced by even larger 
molecules like kininogen and extracellular matrix molecules (Fig. 1) (Vroman 
and Adams 1969 a,b). 
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Fig.1 . Vroman effect. 
Adsorption of proteins from 
biofluids is a dynamic pro- 
cess starting with small pro- 
teins like albumins which 
are with time replaced by 
larger proteins. Large pro- 
teins like extracellular 
matrix proteins are impor- 
tant for the ingrowth of 
granulation tissue and 
fibrous connective tissue 




Albumin Fibrinogen Kininogen 

Immunoglobulins ECM 



Fig. 2. Adsorption of proteins 
to an implanted polymer. 
Binding of proteins leads to 
conformational changes. 

The proteins may become 
immunogenic, resulting in 
antibody formation and 
binding and activation of 
the complement system via 
the classic pathway 




Adsorb tion 
of Proteins 




Denaluration Binding Activation 

of Proteins of Antibodies of Complement 



Secondary to their adsorption to the biomaterial surface, the proteins may 
undergo conformational changes triggering a plethora of local host reactions 
which drive the evolution of the inflammatory tissue response (Tang and Eaton 
1995). The most important host reactions are summarized in Table 1. Changes of 
the conformation of polymer-bound proteins may on the one hand render them 
susceptible to the action of proteases and thus lead to continuous protein degra- 
dation. On the other hand, they may become immunogenic, leading to antibody 
formation and binding of IgG or IgM immunoglobulins (Fig. 2; Tang et al. 1993). 
These antigen - antibody complexes can than lead to an antibody-mediated activa- 
tion of the complement system by either the classical or the alternative pathway. 
The complement system consists of at least 13 serum proteins that are activated 
by enzymatic cleavages and aggregations to produce components with biological 
activity which trigger multiple pathomechanisms resulting in leukocyte adhesion 
and activation (Morgan 1995). Chemotactic complement activation products, i.e. 
C5a, may contribute toward the accumulation of phagocytic cells at the implant 
site. C5a is also found to enhance leucocyte adhesion and aggregation. C3a activa- 
tes macrophages to synthesize and secrete interleukin-1 (IL-1). Bound active C3b 
fragments mediate the attachment of macrophages and polymorphonuclear gra- 
nulocytes (PMNs; synonym neutrophils) to the polymer surface. This adhesion 
leads to degranulation and release of lysosomal enzymes and other cytoplasmic 
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components from the adherent macrophages. The adherent C3b then initiates the 
amplification and completion of the alternative pathway and liberates the active 
fragment C5a. Finally C5a induces activation and release of highly reactive oxygen- 
metabolites, lysosomal enzymes and IL-1 from PMNs or monocytes/macrophages 
(Remes and Williams 1992). 

Binding of proteins to the polymers is furthermore responsible for the activa- 
tion of the blood clotting and fibrinolysis system. The activation of the blood 
coagulation by polymers is apparently triggered at the level of the kinin system 
(also designated as the contact system) of the blood plasma. The initial phase of 
this activation is thougth to require negatively charged sites on the mesh poly- 
mers. Important proteins of the clotting cascade which bind to polymeric surfa- 
ces are factor XII (Hageman factor), factor XI, pre-kallikrein (PK) and high- 
molecular-weight kininogen (HMWK) (Fig. 3). It has been assumed that 
negative charges at the surface of the material serve the induction of a confor- 
mational change in factor XII that renders it highly susceptible for proteolytic 
activation, the promotion of interaction between the active factor Xlla, HMWK 
and prekallikrein that favour proteolytic activation, and the promotion of 
HMWK-dependent activation of factor XI by factor Xlla (Remes and Williams 
1992; Berry 1994; Tang and Eaton 1995). 

All these above-mentioned events thus form the basis for understanding tissue 
responses when meshes are implanted. Following the surgical procedure and the 
implantation of a surgical mesh, the events that occur are the 

(1) acute inflammatory response, 

(2) the chronic inflammatory response 

(3) the foreign body reaction with the development of granulation tissue 
(macrophages, fibroblasts, and capillary formation) and foreign body 
giant cells and 

(4) fibrosis. 

Alterations in the magnitude or duration of these responses or alterations induced 
by infections may significantly modify the morphological characteristics of the 
tissue response and also lead to a compromise in the functional capacity or perma- 
nent bioacceptance of the implanted mesh (Berry 1994; Remes and Williams 1992; 
Tang and Eaton 1995). 




Fig. 3. Activation of the 
blood-clotting cascade by 
binding of the factors XII, 
XI, pre-kallikrein and high- 
molecular weight kinino- 
gen to the implant polymer 
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Immediately following the injury, there are changes in vascular flow, caliber, 
and permeability. Fluid, proteins and blood cells escape from the vascular system 
into the injured tissue, the process called exsudation. The invasion of neutrophils 
and monocytes is controlled and directed by the chemotatic factors or chemoki- 
netic factors that are inherent in the inflammatory response and include comple- 
ment factors, lymphokines, fibronectin, platelet factors and leukotrienes and, in 
the case of infection, also bacterial fragments (Anderson 1988; Imhof and Dunon 
1995). 

The predominant cell type in the inflammatory response varies with the age 
of the injury. In general, neutrophils predominate during the first several days 
following injury and are then gradually and finally almost completely replaced by 
monocytes. These monocytes migrate from the vasculature and then differentiate 
into macrophages that have a life span of several months. Macrophages are sug- 
gested to follow the mode of responding to the same mediators as neutrophils 
when interacting with biomaterials and it has been shown that they adhere to 
implanted polymers already within 24 h (Salthouse 1984; Remes and Williams 
1992). In the chronic inflammatory phase the major mechanism of tissue damage 
at the implant site is phagocytosis and activation of macrophages in coordination 
with the major histocompatibilty complex of the body (MHC). The activity of 
macrophages involves adhesion to the polymer, activation and secretion within 
the implant site. Macrophage activation via phagocytosis or endocytosis leads to 
secretion of a large number of substances ranging in a molecular mass of 32 (super- 
oxide anion) to 440000 (fibronectin) and includes around 100 substances (Clark 
et al. 1976; Nathan 1987; Imhof and Dunon 1995)! The macrophage is thus consi- 
dered to be the pivotal cell in the determination of the biocompatibility of implan- 
ted materials. It is involved not only in the clotting, fibrinolytic and complement 
cascades, but also in the production of mediators (FGF, PDGF) that can induce the 
proliferation and protein synthesis of other cell types which constitute the granu- 
lation tissue, i.e. endothelial cells and fibroblasts. Furthermore, the macrophage 
interacts with T-lymphocytes to activate them allowing secretion of lymphokines. 
Recent evidence has shown that macrophages secrete tumour necrosis factor alpha 
(TNF-a) and prostaglandins in concert with interleukin-6 (IL-6) when exposed to 
polyethylene (Horowitz and Gonzales 1997) and there is evidence to establish the 
fact that the surface charge on the biomaterials plays a crucial role in the activa- 
tion of macrophages and the mechanisms of the release of TNF-a (Hunt et al. 1996). 

Cellular adhesion studies have shown that monocytes, macrophages and foreign- 
body giant cells were the only cells adhering to the surfaces of biomaterials (Beh- 
ling and Spector 1986). Macrophages are, in fact, a constant finding in the evalua- 
tion of retrieved meshes and are typically present at or on the surfaces of the mesh 
structures (Klinge et al. 1998a; Schumpelick et al. 1999b; Klosterhalfen et al. 2000). 
Due to their active state, they frequently undergo morphologic and cytoplasmic 
changes resembling the characteristics of epithelial cells and are termed epithe- 
lioid macrophages (Figs. 4, 5). In most cases they are accompanied by foreign-body 
giant cells. These cells are the prototypic cell type characterizing the development 
of the typical foreign-body granulation tissue response. The detailed pathome- 
chanisms of the formation of foreign-body giant cells is still not completely clear, 
but it is likely that they develop in a fashion similar to the giant cells of Langhans 
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Fig. 4. Macroscopic aspect of a prolene mesh which was placed into the peritoneal cavity for the 
closure of an incisional hernia. The mesh was removed because of chronic pain 



in tuberculosis, i.e. by fusion of macrophages (Gasser and Most 1999). Factors 
which may induce the fusion of monocytes and macrophages are the direct phy- 
sical contact with the polymer combined with the action of various cytokines like 
TNF-alpha, Interleukin-4 or IFN-gamma (Kaufmann 1993; Tang and Eaton 1995; 
Klinge et al. 1999b, 2000). Like epithelioid macrophages, the foreign-body giant 
cells are seeding directly at the interface of the mesh and the recipient host tissue. 
Due to the action of macrophages and a multitude of potent inflammatory media- 
tors, other cell types including T-cells, B-cells, eosinophilic granulocytes, plasma 
cells, fibroblasts and endothelial cells are attracted to the implant site. Within a 
few days this cell cocktail forms the early granulation tissue. This tissue is not a 
static type of chronic inflammation, but represents a chronic wound with an increa- 
sed cell turnover even years after implantation. Monocytes and tissue-derived 
macrophages of the interface and in contact with the polymer undergo apoptotic 
cell death and are continuously replaced by other cells (Klosterhalfen et al. 2002). 
With time, the propagation of fibroblasts to the implant site and the formation of 
collagen and muccopolysaccharides from fibroblasts leads to a change of the histo- 
pathological features. There is a decline in the number of inflammatory cells and 
capillaries and a relative increase of fibrous tissue, finally leading to fibrosis. At 
these later stages of the host response there is a clear zonation of this tissue with 
most of the inflammatory cells found in direct contact with the polymer structu- 
res (see Fig. 5). In contrast to solid biomaterials, in meshes the process of fibrosis 
is not associated with the formation of a capsule but with a progressive ingrowth 
of fibrous tissue into the polymer. This is actually a desired tissue response. Good 
tissue ingrowth is dependent on the mechanical stability of the implant and little 
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Prolene 



Fig. 5 a-d. Morphology of a prolene mesh retrieved because of chronic pain 1 year after implan- 
tation. a Histopathology reveals characteristic empty spaces which indicate the place of the 
polymer structures within the tissue. The polymer is largely destroyed during tissue proces- 
sing and cutting of the histological slides leaving empty spaces in the histopathological slides. 
There is fibrous tissue betweeen the polymer structures and a chronic inflammatory infiltrate 
located preferentially in direct contact to the polymer structures (HE x 40). b In some areas 
there are numerous vessels intermingled with inflammatory cells. Evidence of inflammatory 
activity (HE x 100). c Epithelioid (activated) macrophages are in direct contact with the poly- 
mer and intermingled with classic multinucleated foreign-body giant cells. There are a few 
eosinophils and lymphocytes but no PMNs (HE x 400). d High-power view of multinucleated 
giant cells (HE x 400) 



micromotion between the implant and the surrounding tissue. The velocity of this 
tissue ingrowth is also pore size dependent and increases from 50-pm pores to 
reach a peak at about 400-500 pm. A prerequisite of the tissue integration of the 
mesh is adhesion and cellular binding to proteins adsorbed to the implant sur- 
face for example fibronectin and other extracelluar matrix molecules (Vroman and 
Adams 1969a, b). In some patients progressive fibrosis may result in the shrin- 
kage of the mesh after implantation (Schumpelick et al. 1997; Klinge et al. 1998a). 
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1 6 Long-term Inertness of Meshes 

Biomaterial-Related Foreign Body Reaction 

B. Klosterhalfen, U. Klinge, R. Rosch, K. Junge 



All modern biomaterials, including polymers used for the construction of mesh 
materials, are physically and chemically inert, non-immunogenic and non-toxic. 
However, all these materials are not biologically inert. They trigger a wide variety 
of adverse responses in vivo including inflammation, fibrosis, calcification, throm- 
bosis or infection. The quality of the inflammatory reaction on foreign bodies of 
different nature is surprisingly constant, characterized by a rapid accumulation of 
huge numbers of phagocytic cells, in particular blood monocytes and tissue-deri- 
ved macrophages. Today it is basically not fully clear why inert and non-immunoge- 
nic materials induce this type of inflammation known as foreign-body reaction 
(FBR). However, the protein absorption theory is widely accepted in biomaterial 
research and illuminates an underlying pathophysiological process responsible 
for this very typical type of chronic inflammation [1-5]. The aim of this process is 
to isolate the foreign body or biomaterial from the host tissues, forming an artifi- 
cial »outside world« at the place of implantation. The reaction is typical as well as 
relatively uniform by the formation of granulomas which are generally found at 
the interface of implanted biomaterials. Characteristic for these granulomas are 
multinucleated giant cells originated from fused macrophages and monocytes see- 
ding on the interface foreign-body/recipient host tissues [6, 7j. 

Right after implantation, all implant materials form a layer of host proteins 
within a few seconds. Phagocytes interact with these spontaneously absorbed 
proteins rather than with the material itself. Depending on the physicochemical 
properties of the surface area of the implant and the species of absorbed pro- 
teins, »typical« FBR for each type of implant are generated. Within a few days 
early granulomas with a characteristic stratification of cell layers are formed. 
This composition can also be identified during maturation branded by the very 
typical foreign-body giant cells and an outer layer of fibrosis. These late granulo- 
mas are not a static type of chronic inflammation, but represent a chronic wound 
with an increased cell turnover even years after implantation. Monocytes and tis- 



Table 1. Implantation interval (months) of 347 mesh specimens explanted 
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sue-derived macrophages undergo apoptotic cell death and are replaced by cells 
of the periphery. 



Surgical Meshes and Materials 

Surgical mesh materials today represent a group of implants mainly used for her- 
nia repair. Modern hernia surgery is no longer imaginable without the application 
of these special biomaterials, leading to more than 1 million implantations each year, 
worldwide. The net-like alloplastic mesh materials are used to close the hernial gap 
and, with extended overlap, to reinforce the abdominal wall. Basically, also surgical 
mesh materials are regarded as inert and biocompatible. However, also these mate- 
rials show the typical inflammatory reaction leading to a more or less chronic FBR. 
In fact, all experimental and clinical studies indicate a typical FBR in the interface 
of all mesh modifications on the market today. 

Main polymers for the production of surgical mesh materials are polypropy- 
lene (PP), polyester (polyethylene-terephthalate; PET) and expanded poly-tetraflu- 
oroethylene (ePTFE) [8-1]. Some newer mesh modifications are combined with 
absorbable polymers such as polyglactin PG910 (Vicryl) to improve the handling 
characteristics to ease the implantation [12-15]. 

Frequently used are mesh modifications of PP in majority with small pores. 
Generally, PP is supposed to be stable, non-degradable with an acceptable bio- 
compatibility (Fig. la). PET histologically reveals an excellent biocompatibility; 
however, the long-term stability is discussed contradictionally. The rate of 
degradation of PET mesh modifications and its influence on the outcome of her- 
nia repair remains unclear (Fig. lb). ePTFE again indicates a good biocompatibi- 
lity. Tissue integration of these patches depends on the microporous modification 
of the patch surface. Rarely, small particles of ePTFE detach from the patch sur- 
face, which may then be found phagocytized in macrophages colonizing the 
interface (Fig. Ic). However, the FBR depends not only on the polymer, but also 
on the surface area in contact with the host tissues. The surface area again stron- 
gly depends on textile properties such as the pore size or the diameter and num- 
ber of fibres used (Fig. la). Finally, the FBR significantly depends on the genetic 
background of the patient which may be subdivided into responder and non- 
responder [16-18]. 



Long-Term Biocompatibility 

Our knowledge about the long-term biocompatibility and tissue response of mesh 
materials in humans is still poor, although a few reports exist. Nearly all the data 
about the biological behaviour of these implants are obtained from animal expe- 
riments. Postretrieval studies of surgical mesh inaugurate the possibility of getting 
a deeper insight into the local tissue reaction after longer implantation intervals 
and to get an intimation of the main complications of each mesh type [19]. Mean- 
while, our center has more than 400 explants on record and has already analyzed 
more than 300. Serious complications such as recurrence, chronic and persisting 
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Fig. 1 a-c. a Typical histological response on low weight (left) and heavy weight (right) PP 
meshes; note the significant improved biological response on the low- weight PP mesh with a 
significantly decreased chronic inflammation and fibrosis around the polymer fibres; all H8cE, 
200x). b Excellent histological biocompatibility of PET (left), however, long term stability of 
PET (right) is still under discussion in hernia surgery, whereas degradation of PET in vascular 
prosthesis is a well-known phenomenon; H&E, left lOOx, right 400x. c ePTFE histologically 
reveals an excellent tissue response with a minor chronic inflammatory and fibrotic response 
on the polymer (left); microporous ePTFE mesh of the newer generation (right) with an impro- 
ved tissue ingrowth and small detached polymer particles phagocytized by macrophages (inset); 
H&E, left 200 X, right 400 x 
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pain as well as infection, including fistula formation, are rare, but sometimes force 
the surgeon to remove the surgical mesh. 



Recurrence 

In about 60%, recurrence is the reason why meshes are explanted. Today clinical 
studies indicate that recurrence rates of hernia repair based on the use of surgical 
mesh are significantly decreased compared to suture repair. However, the same 
clinical studies reveal increasing recurrence rates over time for all types of hernia 
repair [20]. Basically, these findings maybe interpreted that none of the procedu- 
res today protects completely from recurrence, but the use of surgical mesh dece- 
lerates their appearance. The effectiveness of common mesh modifications on the 
market is comparable in our data pool. Here, only the rate of recurrences in the 
Vypro mesh group is higher because this mesh is mainly used in incisional her- 
nia and, in particular, this low-weight mesh indicates significantly decreased rates 
of chronic pain (Table 2). Altogether, recurrence after mesh implantation appears 
in the mean after 26 months (range 3-180 months). The recurrent hernia develops 
in 99% of all cases at the free edges of the mesh. Hernias in the area of the mesh 
seem to be rare exceptions. 



Table 2. Main results of the post retrieval study including 347 mesh specimens. HW = heavy 
weight, LW = low weight, SP = small pores, LP = large pores; multi = multifile, mono = mono- 
file, PP = polypropylene, PET = polyethylene-terephthalate, ePTFE = expanded poly-tetra- 
fluoroethylene, PG = polyglactin 
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Main reasons among others are technical faults during the operation (e.g. inade- 
quate fixation in the first 2 weeks after implantation), the shrinkage of the mesh 
after implantation [21] and, finally, alterations of the extra cellular matrix (ECM) 
which are still under investigation in hernia patients. All data from ECM research 
in these patients indicate an altered collagen metabolism in the majority of all 
patients with recurrent hernia [17, 18, 22, 223]. Moreover, the data give strong evi- 
dence of a genetic background of the disease. 
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Chronic Pain 

Chronic pain is an upcoming issue in the field of hernia repair and, probably, will 
become the most important topic to be discussed and thought over by the respon- 
sible surgeons [24]. Clinical trials report high percentages of patients with chronic 
pain after hernia repair, including mesh repair. The onset of chronic pain typically 
is more than 1 year after hernia repair. In the postretrieval study most explants of 
all patients with chronic pain in their history indicate nerve fibres and fascicles 
in the interface of the mesh. Today, immunohistochemical stains reveal even the 
detection of smallest nerve structures which are mainly found in the foreign body 
granuloma (Fig. 2). Due to the nature of the granuloma as a chronic inflammation, 
it may be speculated that these nerve structures are irritated by the inflammation 
and cause the sensation of pain. In some cases, real traumatic neurinomas can 
be found in the interface mesh/recipient tissues, an indicator of the mechanical 
destruction of the nerve by the mesh. 

Altogether, all mesh modifications with small pores reveal unacceptably high 
rates of chronic pain in the retrieval study, in particular, all heavy weight PP mes- 
hes (see Table 2). Vypro, a low- weight and large-pore constructed mesh, shows a 
dramatically reduced surface area compared to all common mesh modifications 
on the market. In combination with a favorable foreign-body reaction the small 
surface area takes care for a minimum of nerve irritation and destruction. 




Fig. 2. Destructed nerve fibers by a FBR of a heavy-weight polypropylene mesh; SlOO (immuno- 
staining with SlOO to visualize nerves), lOOx 
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Infection 

Infection is the third major complication after mesh implantation [25-27]. Due to 
the results of the retrieval study, all mesh modifications seem to have similar infec- 
tion rates. Multifile mesh constructions as well as ePTFE meshes reveal no higher 
rate of infection as reason for explantation. Moreover, scanning electron micros- 
copy studies indicate that biofilm-forming colonies of Staph, epidermidis from skin 
persisting at the surface of the polymer fibres may be responsible for late infection 
months or, in rare instances, even years after the initial operation. 



Fistula and Adhesion Formation 

Fistula and adhesion formation belong to the most serious complications after 
mesh repair [27-29]. In particular after intraperitoneal mesh application, adhesi- 
ons and fistulas are mainly observed in the heavy-weight and small-pore PP mesh 
group. ePTFE here seems to have a favorable biological behavior, so that today 
Gore-Tex mesh modifications are the first choice in all intraperitoneal techniques. 



Conclusions 

Analyzing a total of 347 mesh samples within this first postretrieval study we 
found no significant differences in recurrence rates, but in chronic pain. Here, the 
low-weight mesh Vypro seemed to have advantages compared to heavy-weight 
mesh modifications. Moreover, histological examinations revealed in all specimens 
a more or less chronic kind of foreign-body reaction depending on the polymer 
and the mesh features such as pore size and surface area. Hernia repair using sur- 
gical mesh materials can be complicated by recurrence, chronic pain and infection 
including fistula formation in the long-term follow up. From a pathologist’s point 
of view, a reduced surface, large-pore construction, decreased inflammation and 
connective tissue formation are favorable and ameliorate biocompatibility, and 
therefore should lead to decreased complications and improved patient comfort. 
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Discussion 



Kingsnorth: Focusing on marketing the meshes before they are properly tested: I 
think we should not throw out the baby with the bathwater. They have many advan- 
tages, these heavy-weight meshes. They have been used for a long time, they are 
durable and, properly used, the recurrence rate is low. If we are going to look for 
an alternative for all the very good reasons you pointed out that occur in a mino- 
rity of patients, as is only a minority that get rejection - chronic pain and infec- 
tion. We should not throw away the good qualities that we have with the heavy- 
weight meshes, and secondly, I put my point again, that we do need to test out these 
meshes in proper trials before we use them. 

Klosterhalfen: This is a very important point. I absolutely agree with your con- 
cerns about testing meshes before they are introduced on the market and doing 
the studies. I absolutely agree. But on the other hand, I have an opposite view com- 
pared to you. I believe if the surgeon does his job well, excellently, you will have no 
increased recurrence rate with any mesh. The mesh itself is stable enough. 

LeBlanc: It seemed to me that there were several recurrences with Vypro. The fol- 
low-up period of Vypro is the shortest of all products. I would be a little concerned 
about the consistency of using Vypro. 

Klosterhalfen: That is true, of course. Vypro has been on the market for 2 or 3 years, 
and it has the shortest observation period, but I analyzed this data pooled a couple 
of times. First I had 120 specimens, and then 347, and up to now I am on 420 which I 
analyzed, but I have not changed the slides, because the tendency is the same. 

Amid: A short comment on chronic pain after mesh repair. There is no evidence 
in the literature that mesh plays any role on chronic pain. On the contrary, there 
is a growing body of evidence that it does not. The Canadian study, the Netherland 
study, the Danish study, the EU study, they all show that the incidence of chronic 
pain was not higher in the mesh repair versus tissue repair. In fact, the EU study 
showed that the incidence of chronic pain after mesh repair was lower than in non- 
mesh repair. Therefore I really think chronic pain after hernia operation is more a 
technical issue than related to mesh or whatever is used. 

Klosterhalfen: This may be the truth. I have only my database, and I get these 
explants, and have a close look at them. Basically, you as a surgeon have given me 
the data. Basically, this data pool should be a part of a clinical observation. Other- 
wise, I am sitting on the dark side of the moon and have only this data pool and 
can only interpret these data. I do not know, but I have read a couple of studies in 
the British Journal of Surgery which report about chronic pain rates of about 30%. 

Schumpelick: I would like to comment and I would like to put a question to Dr. 
Offner. First, you are absolutely right. You must be on the safe side, if we want to 
develop new meshes, and that is the purpose of this meeting here, to seek for new 
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meshes. Remember 4 years ago we had a meeting here. There was a 100% consen- 
sus that we need new meshes. That was a questionnaire. If we say we are on the 
safe side now, we do not need anything better, we would not be here by plane, we 
would not be here by car, we would be here by horse. I think, we have problems. If 
the meshes are not good enough, we have to change them, by new methods of 
mesh construction. Maybe in 5 years we shall have new meshes. The other que- 
stion is a more principle one: is it possible to construct a foreign body to be implan- 
ted within the muscle layers without any foreign body reaction? And if it’s so, 
how can it be optimized to reduce the foreign-body reaction? 

Ojfner: I have limited experience with that, because I am a pathologist, and my 
main interest is the peritoneum; but as far as we know the titanium implants used 
in orthopedic surgery are those which produce the least foreign-body reaction, and 
even there there are foreign-body giant cells, not even at the place of the prosthe- 
sis, but in lymph nodes, for example. I am very skeptical that we will control the 
foreign-body reaction within the near future. I do not think so. 

DeBord: On the slide that you showed of polypropylene penetrating the nerve 
and creating the neuroma; are you able to tell histologically when you are looking 
at polypropylene from the mesh versus polypropylene from the suture? 



Klosterhalfen: Yes, absolutely. If you see enough meshes, you can distinguish them 
all. 
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Introduction 

With a great and steadily growing variety of meshes offered in the worldwide 
market, surgeons more and more face the difficulty in making a choice for their 
ideal prosthesis in hernia repair. Especially with regard to long intervals of implan- 
tation, the comprehension of the in vivo situation of mesh implants is of major 
importance. As in recent decades intensive research in the field of wound-healing 
properties, tissue response and mesh integration has been performed, an update 
is overdue. Furthermore, the answer to the question on how to construct a mesh 
should provide the arguments for which mesh should be used. 

In general, various aspects have to be respected in the evaluation of the quality 
and functionality of a mesh construction. First of all, it is important to note that 
the incorporation of biomaterials causes an inflammatory reaction that more or 
less persists during the lifetime of the implant [1]. In this respect, the biocompa- 
tibility of alloplastic prostheses is defined by the tissue response to the foreign 
body which is dependent on different characteristics: the amount of material (size 
and surface), the polymer type, the structure and the kind of filament (mono- ver- 
sus multifilament). Furthermore, determining mechanical characteristics of the 
mesh materials are their tensile strength and elasticity, as well as the predisposi- 
tion to infections. Naturally, in the development of surgical meshes, all these para- 
meters afford particular consideration. 



Amount of Material and Filament Structure 

It is generally accepted that with increasing surface of exogenous materials, there is 
an increased extent of foreign-body reactions [2]. Likewise, we observed a lowered 
inflammatory activity and decreased rates of cell proliferation due to the use of 
material-reduced meshes [3,4]. 

It is a fact that every variation of mesh structure and mesh filament is followed 
by consecutive changes of weight and surface. With the increased surface of mul- 
tifilament meshes (see calculation in Fig. 1), a more pronounced inflammatory 
tissue reaction might be assumed because of its increased surface at least by fac- 
tor /2 of III the case of the low weight Vypro mesh five polypropylene multifila- 
ments and with its considerably reduced amount of material, its surface even 
exceeds the surface of heavy-weight monofilament meshes. Despite this evident 
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Fig.1 . Calculation of biomaterial sur- 
face in multifilamentous mesh mate- 
rials 



disadvantage of the multifilament mesh with its enhanced surface, histological 
analysis revealed a decreased level of inflammation and fibrosis with a smaller size 
of foreign-body granuloma as compared to a heavy-weight mesh with lower sur- 
face [5]. Interestingly, below a filament size of 5/0, we found a constant thickness 
of granuloma which was even independent of the polymer type or of the amount 
of filaments (mono- or multifilaments). In contrast, it was the thick monofilaments 
of 4/0 and more that induced the large-sized foreign-body granuloma, filling out 
almost their entire pores. 

With biomaterials generally offering the risk of infection, the filament struc- 
ture of meshes is of additional importance: investigating the influence of filament 
structure in mesh materials on the bacterial infection risk, we found that an increa- 
sed amount of material promotes the persistence of bacteria in the implant bed, 
widely independent of the filament’s surface. Additionally, there were considerable 
differences in the ability to attach to the filaments between various types of bacte- 
ria in the dependency of the used polymer. For example, there are some S. aureus 
and E, coli that favor the polypropylene, in particular. The observed considerable 
adherence of the bacteria to the material corresponds to the frequent observation 
of bacterial infections at explanted mesh samples and might promote the deve- 
lopment of mesh-related infections, which mostly occur after a delay of months or 
even years [6]. 

Pore Size 

The impact of the pore size in the inflammatory reaction to surgical meshes has 
repeatedly been shown: a smaller pore size in polypropylene meshes, for example, 
proved to be accompanied by an increased foreign-body reaction [7], bridging from 
one filament to the other almost filling out the entire pore. Correspondingly, we 
observed that a pore size lower than 800-600 pm resulted in an increased fibrotic 
tissue response, leading to a scar plate, then embedding the entire mesh. In con- 
trast, in implanted large-pored mesh materials the inflammatory reaction and scar- 
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Fig. 2 . Inflammation and fibrosis around explanted mesh materials: this pictures show a more 
pronounced tissue response to a heavy-weight small-pored polypropylene mesh in comparison 
to a low-weight large-pored polypropylene mesh in the same patient 



ring has been shown to be limited to the perifilamentous region with the subse- 
quent forming of a scar net (Fig. 2) and pores mainly filled with fat tissue [5]. In 
this study, an impaired fluid transport through small pores has been suggested as 
a possible explanation. However, it is the pore structure with its biological reaction 
that is assumed to have major responsibility for the stretch ability of the prosthesis 
after incorporation. 



Polymer Type 

The most common polymers used for the construction of surgical meshes are 
polypropylene, polyethylene terephtalate and polytetrafluoroethylene. Differences 
in biocompatibilty of these different polymers has repeatedly been suggested: an 
example might be the reported findings of higher incidences of wound-healing 
complications, fistula and seroma formation and higher incidences of hernia 
recurrence after hernia repair with polyethylene terephtalate meshes as compared 
to polypropylene meshes [8, 9]. However, though both clinical and animal studies 
clearly reveal that the distribution and quantity of the synthesized collagen is mar- 
kedly influenced by the type of mesh implant, this is not true for the collagen qua- 
lity. In comparison to scar tissue following suture repair, the collagen I/III is con- 
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siderably decreased in the scar tissue at the interface to meshes. This poor quality 
of collagen is seen constantly for several different mesh materials, probably reflec- 
ting the chronic inflammatory process around the mesh filaments [10]. 

Tensile Strength and Elasticity 

Surgical meshes have the task of permanently reinforcing the abdominal wall. There- 
fore, both their strength and elasticity should be adapted to the physiological 
situation. The mechanical requirements of fascia closures depend on the intraab- 
dominal pressure with highest values between 100 and 150 mmHg. Measurements 
of the intraabdominal pressure during Shouldice repair in local anesthesia 
showed maximum pressures of 60 ± 14 mmHg during coughing [11, 12]. Similar 
to the breaking strength of unaffected tissues [13], these pressures correspond to a 
strength far below 10 N/cm, which is also consistent with different suture techni- 
ques [14-16]. Because of the need to withstand pressure loads of up to 20 kPa and 
assuming the model of spherical constructions, meshes must provide a strength 
of about 16 N/cm [17, 18] (Fig. 3). With respect to these physiologically required 
forces, the values of conventional mesh materials are often disproportional. An 
example might be the exceeding strength of the heavy weight and large pored 
polypropylene meshes Marlex and Prolene. Only in cases where an abdominal wall 
replacement has to be performed instead of a reinforcement and cylindrical model 
should be considered, because of twice the tension strength (Fig. 4), we recom- 
mend the use of stronger mesh structures that must provide values of 32 N/cm. 
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Fig. 3. Arithmetically determined tensile 
strength for meshes reinforcing the 
abdominal wall 
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Fig. 4. Arithmetically determined tensile 
strength for meshes replacing the abdo- 
minal wall 
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To define the physiological requirements regarding elasticity, it has been shown 
that the mean distension at a strain of 16 N ranges between 20 and 35% with con- 
siderable interindividual differences [19]. Textile analysis of common mesh mate- 
rials, however, showed an elasticity between 4 and 16% at 16 N. Therefore a severe 
restriction of the abdominal wall has to be feared by extensive implantation of mes- 
hes with low flexibility, getting even more reduced after ingrowth of tissue. 

This restriction of the abdominal wall therefore is affected by the structure of 
implanted material [3, 18] with low- weight mesh materials appearing to be advan- 
tageous not only for the abdominal wall function but also with regard to mesh- 
related paresthesia [20]. Furthermore, it can be shown that non-elastic mesh mate- 
rials being stuck to a stretchable ground revealed almost immediately after some 
movements an enrolment at the mesh borders. This cannot be seen if meshes with 
adequate elasticity are applied, and might be one reason for some early recurren- 
ces in groin hernia surgery. 



Conclusion 

As a conclusion, mesh constructs should provide an adequate biocompatibility 
which is determined by the amount of material (size and surface), the polymer 
type, the structure and the pore size. Hereby, the mesh structure least susceptible 
to infections must be chosen and the tensile strength and elasticity have to be 
adjusted to the physiologically required conditions. 

Underlying the present standard of knowledge, we recommend the construction 
of monofilamentous, low-weight and, in particular, large-pore meshes. Providing 
a strength of 16 N/cm, the elasticity should attain at least values of between 20 
and 35%. 

In order to further improve the development of mesh materials in future, pro- 
found interdisciplinary research is required in the field of surgical techniques, ana- 
tomy, histopathology and molecular biology, combined with the essential technical 
implementation in collaboration with industry. 
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Discussion 



Simmermacher: Do you think that it will be possible to construct a mesh for all 
different purposes of hernia surgery? 

Klinge: No, of course not. There are several purposes for the laparoscopic ones. I 
think this will be the topic of some other talks. It depends on the imagination of 
the companies, but I am sure, if you want to sell a mesh in the future, you have to 
explain why it is constructed like it is. You have to discuss a lot of different aspects, 
which have to be considered concerning the handling capacity, and therefore I 
think in the future a lot of meshes will be available. Of course, you should have one 
mesh for the reinforcement and one for the replacement of the abdominal wall. 
So that means two different requirements for the tensile strength and the elasti- 
city. Perhaps in the future you will have, as well, coated meshes or biologically 
active meshes, which means that it is a continuous development and therefore 
there will be many different new mesh materials on the market in the future. So 
that means for me as well that it will be increasingly difficult to select between 
the different materials offered. 
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Schumpelick: Is there not a risk of making it much too complicated? We do have 
good results as we heard today. Don’t let me say best results, but good results, so 
why shouldn’t we stay on the safe side and use the meshes we have available today? 

Klinge: We started 9 years ago with the problem of the meshes. It started here in 
this setting and at first we wanted to present results of our mesh experiences; but 
there has been no explanation why the Marlex mesh has the size or these pores, 
the filament and the tensile strength that it has. There is no explanation, means 
that there is no experimental proven reason for this. It was the main problem 
when we started and it was our main question because we didn’t know why the 
meshes are constructed as they are. The second point is that we saw some com- 
plications regarding seroma, infections, very severe to treat, because you have to 
replace the mesh and what do you do then? 

Kingsnorth: I think it is very fundamental what you do. Wouldn’t it be better to go 
to the factories and tell them what we want to have, tell them what kind of mate- 
rial and what kind of mesh structure they should construct? Shouldn’t we go to the 
manufacturers and say to them: these are the properties for the mesh we have to 
use in the groin or for incisional hernia? 

Klinge: That would be perfect, if you know what to be is required. 

Kingsnorth: But you’re getting there with all these studies you do. 

Klinge: Yes, of course, but we are still in process, we are still learning. You know, in 
some of our presentations 2 years ago we looked at things a little bit differently 
and I don’t know what the presentation will look like in 2 years time. So we are 
constantly learning a lot of things. I think it’s necessary to do much more research 
and further examinations about all these topics, because the main problem is that 
we can’t predict what will happen in 20 years with all these meshes. I think the 
manufacturers have to offer, but the surgeons have to define what they need and 
what should be done. 

Kehlet: I think it’s interesting to see the developments over time. We had one hypo- 
thesis, that we need less inflammation, but there was no evidence that it did any- 
thing for pain or recurrence, and the other hypotheses there’s no evidence that it 
reduced pain or anything like that. I think we have come to the time when we 
should get together and do these randomized trials now, to define what do they 
really mean, all these nice hypotheses? 

Deysine: I think that this discussion is wonderful. This discussion 15 years ago 
would have been considered crazy. Nobody would have thought that we are talking 
about molecules and different materials. Somebody gave us a mesh and we just 
put it in. 

Gilbert: I admire your presentation and the way you work. Honestly, Raymond 
Read’s comment yesterday, about the work being done in Aachen, which is really 
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admirable. Aachen seems to be the center of excellence for exploration of these 
materials. But my question is very basic. You point out that granulomas, you point 
out that fibroses are bad. My question is in a basic sense, how are these »bad«? I 
mean, are they »bad«, because we said they are bad? Were they bad, because they 
are metastatic? So these are things to speculate, because isn’t it a normal body 
reaction to a foreign body? And if you had zero reaction of the body to this, 
perhaps that would be overkill. I wonder if you have done any work about, which 
has shown what the minimal amount of mesh is in an animal model to keep from 
bursting, to hold itself together? So, let’s start from the other end and build the 
whole thing up again. I hope if you hold a meeting in that way, the next time you 
will be able to give us information about the minimal amount of material you 
need for doing a hernia repair. 

Klinge: I would totally agree, if the surgical results were good; but if you look at 
the recurrence rates and the epidemiological data for inguinal hernia, 15% of ope- 
rations are still done for recurrent hernias. If you look at the published results for 
incisional hernia, for example, the recently published Dutch results showed around 
20% recurrence rates. So, it’s not as if everything is perfect. If it was perfect, then 
let us continue to work as we did in the years before. I think, there’s still a problem. 
There’s an increasing problem of pain, still a reason of recurrence, and we don’t 
understand how it works up to now. The surgeons’ point of view usually stopped 
at the point of closing the skin. So, we only very rarely have the opportunity to 
see after 1 year what has happened. For example, we thought some time ago that 
a Vicryl is perfect, because it increases fibroses; but when I see the data of Klo- 
sterhalfen and I see the collagens around the mesh explants, 74% of these 
patients showed a decreased collagen level of the strong collagen I. If you see the 
amount of fibroses you see that over time it’s even increasing. So the fibroses 
does not prevent from recurrence. That’s what we learned, and that’s our evi- 
dence. Our evidence is that we look at the collagens and we believe that there’s a 
problem, and in regard to the published results, I think that they are not totally 
satisfying and we should improve them. 
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Introduction 

The increased usage of mesh for the repair of incisional and inguinal hernias has 
led to a significant reduction of the recurrence rate. Despite this achievement, 
the rising number of mesh-related complications should not be underestimated. 

They arise to a different extent depending on the operative procedure and mate- 
rial implanted. 

Mesh related complication are: 

• Seroma 

• Hematoma 

• Infection 

• Abscess 

• Adhesion 

• Fistula formation 

• Shrinkage 

• Mesh migration 

• Arrosion 

• Chronic pain 

• Immobility 

• Paresthesia 

• Degradation 

Mesh-related complication can occur immediately in the postoperative period or 
some time later, even after years and decades. 

To examine the mesh-related complications there are different clinical and tech- 
nical procedures available. Beside physical examination and interrogation of the 
patient, the most common tool is the ultrasound examination. 

Ultrasound is a non-invasive procedure with a high availability, it is easy to per- 
form and causes no maintainance costs. Beside the diagnostic value, the ultrasound 
examination carries a therapeutic option by guided puncture or drainage, e.g. for 
seroma or hematoma. 



Technical Prerequisites 

To perform an ultrasound examination of the abdominal wall or the inguinal region 
a real-time ultrasound equipment with a 5.0-7.5-MHz linear scanner is preferable. 
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To detect and differentiate blood vessels a duplex blood vessel scan can be 
added. 

Ultrasound is performed with the patient in a supine and standing position. 
The examination is carried out in two planes, vertical and horizontal. By coughing, 
straining or performing the Valsalva maneuver a dynamic investigation is possible. 



Ultrasound Anatomy of the Abdominal Wall 

The sonographic anatomy of the abdominal wall and the inguinal region is highly 
variable. It depends on the amount of fatty tissue and muscle, but there are typical 
structures that should be identified in all patients (Figs. 1, 2). 

The epidermis and dermis appear as a thin, superficial homogenous echoic 
layer. The underlying subcutaneous fatty tissue varies considerably between thin 
and obese patients. In general, it is a hypoechoic and heterogenous layer above the 
muscle fascia of the abdominal wall. Two kinds of abdominal wall muscles can be 
differentiated: (1) the rectus muscle at both sides of the midline and (2) the three 
flat lateral abdominal muscles. The longitudinally running rectus muscle appears 
as a hypoechoic and homogenous structure with fine internal, parallel lines of 
greater echo reflection. It is enveloped by the rectus sheath as a surrounding echo- 
genic line. The anterior lamina of the rectus sheath is formed by fibres of the obli- 
que muscles, while the posterior lamina derives from the aponeurosis of the trans- 
verse muscle. In the midline, both rectus sheathes unite to form a thick echogenic 
aponeurotic layer, the linea alba, extending from the xiphoid to the symphysis 
pubis (see Fig. 1). 



5 6 




5 6 




Fig.l. Normal sonographic anatomy of the abdominal wall above the umbilicus in the mid- 
line. 1 subcutaneous tissue; 2 oblique external muscle; 3 oblique internal muscle; 4 transverse 
muscle; 5 rectus muscle; 6 linea alba 




Chapter 1 8 Mesh Related Problems - How to Objectify - J. Conze et al. 



191 



The three flat lateral abdominal muscles - the oblique external, oblique internal 
and transverse muscle - can be differentiated as three different layers, separated 
by their thin, highly echogenic aponeurotic structure (see Fig. 1). In the inguinal 
region, the oblique external muscle disappears and only its aponeurosis can be 
identified above the oblique internal muscle. The peritoneum, that separates the 
abdominal wall from the abdominal viscera, can be identified as a very thin echo- 
genic line. Especially in young, athletic patients it can be sometimes difficult to 
identify this line as a single layer beneath the muscles. In the midline, between the 
linea alba and the peritoneum, a hypoechoic and heterogenous structure in a tri- 
angle shape represents the variable preperitoneal fatty tissue [1]. 



Sonographic Differential Diagnosis of Pathological 
Findings After Mesh Implantation 

Seroma 

Seromas present as an anechoic or hypoechoic structure without inner reflections. 
They usually show a sharp margin and can occur above the mesh in the subcuta- 
neous tissue and/or under the mesh. By simple pressure of the transducer onto the 
abdominal wall the seroma can be compressed, leading to an underestimation of 
the amount of fluid (positive compression sign; Fig. 2). 




Fig. 2. Typical sonographic findings of a postoperative seroma 
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Fig. 3a, b. Typical sonographic findings of postoperative hematomas, a fresh, b organized 



Hematoma 

The ultrasound findings of hematomas depend on their age. Fresh hematomas 
show a hypoechoic, space-occupying structure with a fine and regular inner echo 
and distinct margins. At an early stage they also show a positive compression sign, 
as a proof of a still-liquid structure (Fig. 3a). 

At a later stage the organized hematomas present a more heteroechogenic struc- 
ture that can not be compressed by pressure (negative compression sign; Fig. 4b). 



Abscess 

An abscess is seen as a hypoechogenous structure caused by cell debris and small 
plump hyperechoic reflections caused by gas bubbles (Fig. 4). 




Fig. 4. Typical sonographic findings of an abscess formation with gas bubbles 
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Fig. 5. Sonographic findings of a recurrent incisional hernia at the edge of the mesh 



Especially in obese patients with a deep abscess formation missing the typical 
clinical signs, a sonographic guided puncture can verify the suspicious sonographic 
finding immediately. 

Recurrence 

Recurrences after mesh repair occur at the edge of the mesh, almost never through 
a mesh. They show the typical hernial pattern with a fascial gap and protruding 
hernial sac. A Valsalva maneuver can help to distinguish between some fascia struc- 
ture and protruding hernial sac (Fig. 5). Also the hernial content, omentum or small 
intestine, can be identified in most cases. 




Fig. 6. Typical sonographic findings of mesh folding and dislocation 
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Mesh Folding and Dislocation 

Depending on the implanted type of mesh and/or the method of fixation meshes 
can fold and lead to dislocation. In patients with heavy-weight meshes with a more 
extensive scar tissue formation the mesh usually shows as an echogenic structure 
line that can be identified by ultrasound (Fig. 6). This is more difficult and some- 
times even impossible after light-weight mesh implantation. 



Fistula 

Dense adhesion, chronic wound infection or suture material can lead to fistula for- 
mation. A complete entero-cutaneous fistula is easy to distinguish by its clinical fea- 
tures. By ultrasound investigation the extent of incomplete fistulas within the abdo- 
minal wall can be determined. The fistula channel shows a hypoechoic structure 
that can be followed from the epidermal layer through the abdominal wall (Fig. 7). 



Adhesion Formation 

In cases of insufficient peritoneal coverage that allows a direct contact of intestine 
with the mesh surface, adhesions to the abdominal wall can develop. They can be 
detected by the observation of the visceral movement to the abdominal wall. This 
movement is called the viscera slide (Fig. 8). It is produced by the force of inspi- 




Flg. 7. Typical sonographic findings of a fistula formation 






Chapter 1 8 Mesh Related Problems - How to Objectify - J. Conze et al. 



195 




Fig. 8. Scheme of viscera slide to detect adhesion formation to the abdominal wall 



ration (spontaneous viscera slide) or by manual ballottement of the abdomen 
(induced viscera slide). Adhesions between the abdominal wall/mesh and intestine 
can cause a restriction of the viscera slide [2]. 



Conclusion 

With the help of ultrasound most mesh-related complications can be detected or 
ruled out. It is a non-invasive procedure that is both easy to learn and easy to per- 
form. It has an easy availability and a quick applicability, and can be performed 
and repeated by the surgeon, who knows his patient and the site of investigation 
best. Beside the valuable diagnostic features, the ultrasound offers also therapeutic 
options by guided puncture or drainage. 

In our clinic the ultrasound examination is the first technical choice to investi- 
gate postoperative complications. Only if the ultrasound examination reveals no 
explanation for the patients complaints, e.g. in cases with persistent postoperative 
pain, paresthesia or immobility, are further investigations indicated. 
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Discussion 



Deysine: I would like to ask what is the future of diagnoses? I utilize ultrasound 
and I do a CT in every patient with a ventral hernia who is going to have an opera- 
tion. Your test is very inexpensive and it certainly requires some training. 

LeBlanc: I agree with everything you said, but from my own experience I think 
that the problem is that in our country the radiologists do these investigations. I 
had a case where the radiologist did an ultrasound and proved that the patient 
had a recurrent hernia and then, in fact, it was no incisional hernia and it was only 
a lipoma. Because he convinced me to operate on him I did. So I think you need a 
lot of skill in investigations like this and it is important to control the radiologists 
who do the investigations. Even the CTs can be very difficult. If you do the hernia 
laparoscopically you can see all the holes and that’s probably the best way to do it. 
Even for investigation of the seromas you can be wrong with the findings, because 
if you look at the radiologists’ literature, even 14 days after the operation you can 
have air bubbles in the seroma without any signs of infection. So, it’s very confu- 
sing, even to the radiologist, to interpret these findings. So I think it’s very 
important, that we remember to interpret the findings clinically, too. 

Conze: I think this is the advantage of ultrasound. Because you can do an ultraso- 
und-guided puncture at the bedside. You can just do a sterile puncture and than 
you can prove if there’s an infection or if it’s just a seroma. 

Gilbert (USA): Congratulations on your talk. The interest in ultrasound improved 
after the meeting in 1994 and we could see what excellent work can be done with 
this method. So, we bought one ultrasound and used it over the years. There is a 
technician, who works in the hospital and is doing the ultrasound, and if he’s not 
there, we just do it on our own, we tried to do it and sometimes we just do it. So 
we have gained a lot of experience from doing this. In many cases where we could- 
n’t feel a hernia, we just got along and had an ultrasound done, and if the radiolo- 
gist then says, he’s got a hernia, in about 10% of the cases he’s right. Most of the 
time, he finds a persistent lipoma or a posterior wall protrusion. Where it was use- 
ful for us was in some cases after Lichtenstein repair. We had cases where the her- 
nia came up through the internal ring behind the mesh and you cannot feel this 
from the outside, what we did was to call our laparoscopic surgeons and said just 
without breaking down the mesh from the front, fix it from behind. So, that’s where 
we’ve been using this. 

Gai: I am great friend of ultrasound, too, and two remarks please me: At first, if 
you see air bubbles, it may be a seroma. It does not have to be an infection. It’s a 
normal finding after the first 8 or 10 days. Second: if you suspect infection, if you 
a have a slight superficial inflammation of the wound and you’re not sure if it’s 
going deeper, I then just do a puncture from far away with a long needle under 
local anesthesia and you can come to the fluid collection and make a microbiolo- 
gical investigation. Then you are sure if it’s a deep infection. 
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Conze: I would like to do a remark to Lloyd Nyhus. The ultrasound is just a sup- 
plement to the clinical findings, so in first line we do the clinical examination of the 
patient. So, if you look for infection, you have to look for some inflammatory signs 
at first. 

Nyhus: I do accept this modern ultrasound. Hawever, I do think that we must con- 
tinue to learn in medical school and teach our residents to be experts in clinical 
practice, to do excellent examination, so 1 think, ultrasound is good, but it has to be 
a secondary thing. It seems to be just like a reflex reaction today: oh, there’s a 
problem, get the ultrasound, get the ultrasound! No, no, no ... 1 We should do the 
clinical examination first. 

Bendavid: Actually it’s a good thing and I do agree that ultrasound is an excellent 
diagnostic tool. So we can see a lot of things, that would have otherwise been mis- 
sed; but I think it’s also important to be more clinical. 

Deysine: Actually I would like to remind the audience that when the stethoscope 
was invented the administrators thought that it was not cost-effective. So I am con- 
vinced that these machines will take over, and I am delighted. 

Simons: We did a review of the studies and it’s a little bit disappointing when you 
compare the results of ultrasound. Most literature is about lumps found by ultra- 
sound and an operation was done to concern the findings, and in general I read 
that the sensitivity and specificity are never more than 80%. Usually they are bet- 
ween 60 and 80%. These are dedicated people doing these studies and I know from 
general practice with 40 radiologists, and none of them is really dedicated to doing 
ultrasound in hernia. So, in my hospital it is not at all usual to go to a radiologist 
and ask him to do an ultrasound in the groin. I am envious of German surgeons 
who do their ultrasounds themselves. I think, that’s the only way to go, to do it your- 
self and train yourself, because in general I don’t think that it’s shown as a good 
diagnostic tool in literature. 




19 Shrinkage: Fake or Fact? 



P.K. Amid 



In the early 1990s analyzing the data collected from our hernia registry related to 
several hundred operations for recurrent abdominal wall hernias, where mesh was 
used for the original operation, the following were observed: 

1. Contrary to the no-mesh hernia repair, where the scarring process extends 
well beyond the repair site in an irregular fashion (unstable scarification), after 
mesh repair, scarification is limited to and concentrated within the mesh. It appears 
that mesh prostheses have a polarity for scar tissue, limiting the scarification pro- 
cess in the area of implantation. A phenomenon which deserves future research in 
a university center with full research facilities. 

2. Comparing the size of the mesh at the time of a recurrent hernia repair with 
the stated size of the mesh in the operative report of the original repair, it became 




Fig.1. CT scan image of a wrinkled mesh 
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apparent that the observed mesh size, during the recurrent repair, was considera- 
bly less than its recorded original size. We were able to prove this latter phenome- 
non through the following laboratory and clinical study. 

During the operative procedure for the repair of recurrent incisional and inguinal 
hernias, segments of different polypropylene meshes that were used during the 
original operation were removed. The retrieved pieces of mesh, along with pieces 
of the same brand of mesh, as control, were passed through an alcohol-methyl 
salicylate clearing sequence in order to dissolve and remove the tissue from the 
mesh samples. Subsequent to the dissolving process, microscopic measurement of 
the pore size of the retrieved meshes compared with the pore size of the correspon- 
ding control meshes demonstrated approximately 20% reduction in the pore size 
of the retrieved samples. Furthermore, at the macroscopic level, radiographic mea- 
surements of the distances between the metallic staples used for the mesh fixa- 
tion in retromuscular mesh repair of incisional hernias (Rives’ procedure), made 
10 months after implantation revealed a contraction of approximately 20% when 
compared to the measurements taken a few days postimplantation. The same was 
observed after inguinal hernia repair. 

This phenomenon which, later, was confirmed by Klinge in 1998 [1] and by 
Urena in 2000 [2] was reported by this author during the 1996 meeting of the 
American College of Surgeons. During this presentation for the lack of a better 
term, I referred to this phenomenon as shrinkage or contraction of mesh. It is 
extremely important to make a clear distinction between shrinkage or contraction 
of mesh, which is a self-limiting process, and wrinkling of the mesh, which can 
continue until the entire mesh is wadded to a ball of mesh to which I have refer- 




Fig. 2. Explanted wrinkled mesh corresponding to Fig. 1 
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Fig. 3. An example of wrinkled Gore-Tex soft tissue patch 



red elsewhere as meshoma [3]. Wrinkling of the mesh is caused by failure to fix 
the mesh in place or by inadequate mesh fixation. Figures 1 and 2 are examples of 
a wrinkled polypropylene mesh, Fig. 3 is an example of a wrinkled Gore-Tex soft 




Fig. 4. CT scan image of a meshoma (a mesh plug) 
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Fig. 5. Explained meshoma (ent- 
rapping the ilioinguinal nerve) 
corresponding to Fig. 4 



Fig. 6. Compression of the bladder 
wall by a meshoma (a mesh plug) 



tissue patch, and Figs. 4 and 5 are examples of a meshoma. Contrary to »shrunken 
or contracted mesh« which does not apply mechanical pressure on the adjacent 
anatomic structures, wrinkled or wadded mesh »meshomas« (or mesh plugs that 
are three dimensional objects like meshomas to begin with), by applying mecha- 
nical pressure on the adjacent tissue or by incasing (entrapping) a nearby nerve 
(Fig. 5) [4] can lead to chronic postoperative pain particularly chronic postherni- 
orrhaphy non-neuropathic inguinodynia [5-10]. Furthermore, meshomas can exert 
external pressure and even erode into the adjacent structures such as bladder 
(Fig. 6), intestinal tract (Fig. 7) [12-14], iliac or femoral vessels (Fig. 8). Treatment 
of these complications is removal of the wrinkled mesh or meshoma. Fact or fake, 
mesh shrinkage appears to have been exaggerated out of proportion. Because shrin- 
kage can result only in recurrence of the hernia (without causing pain or other rela- 
ted complications) which can be easily circumvented by using a large sheet of mesh 
(large enough to account for approximately 20% shrinkage [15]). In the case of 
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Fig. 7. Small bowel adhesion to a meshoma (a mesh plug) causing intermittent small bowel 
obstruction 




Fig. 8. Inflammatory reaction and resolving phlebitis of the iliac vein caused by a meshoma (a 
mesh plug) adjacent to the iliac vein 



inguinal hernia, repair mesh shrinkage can be overcome by allowing sufficient 
laxity of the mesh to account for the intraabdominal pressure gradient and future 
mesh shrinkage (Figs. 9, 10) [16]. 
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Fig. 9. D Dome-shaped laxity of 
the mesh to account for the intra- 
abdominal pressure gradient and 
shrinkage of the mesh 




Fig. 10. A preshaped mesh with 
built-in dome- shaped laxity cor- 
responding to Fig. 9 
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Discussion 



Kehlet: I cannot agree with you more than in your talk. When reading all your 
papers you had excellent results and therefore my simple question is, why do you 
have to design a dome-shaped mesh? 

Amid: One of the reasons for that dome shape was to prevent 20% of shrinkage. 
Besides, it is to account for the increased pressure, when the patient stands up from 
the supine position, and this has always been an integral part of the operation, 
which has improved over the years. 

Kehlet: But you said that the shrinkage of the mesh does not have any clinical con- 
sequences, so why did you change the mesh? 

Amid: I did not say that you have to change the mesh, just gave the technique. This 
is not a real change of technique, it has been an integral part of the operation from 
the very beginning; and when I said, it doesn’t have clinical consequences, I meant 
this can be easily accounted for. So, it doesn’t have to mean so many clinical con- 
sequences. It just happens with meshes which are not fixed properly. 

Klinge: Another question to this interesting concept of dome shape. Do you study 
the biology, what happens after incorporation? Do you look after 1 day or after 1 
week? How long is this form preserved? 
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Amid: The dome shape is completely filled up even on the surgical table. When 
you ask the patient to cough, you will see the transversalis fascia comes up and fills 
up the dome. So, as soon as the patient stands up, the space under the dome is gone, 
and it will stay like that. 

Klinge: And how does it look after 1 week of incorporation? Did you make some 
animal experiments about that? 

Amid: No, but when I see that the dome and the fascia are coming up, even intra- 
operatively or when the patient coughs, I think it’s quite logical that it works. We 
have employed this dome-shaped laxity in more than 10000 operations, as have 
also many thousands of surgeons round the world. 

Bendavid: I wouldn’t like to leave it with the opinion that this is an accepted fact. 
We have explanted 26 meshes, which were, for example, Marlex, and we were able 
to look microscopically at all the explanted meshes, and recognize the mesh sim- 
ply because of the pattern of the mesh. It’s like a fingerprint. Trelex is different 
from Marlex, different from Prolene, and you can recognize this. We were actually 
extremely surprised by the fact that most of the pattern was maintained. Some 
microscopical investigations showed some cracking and changes in the Prolene 
or the mesh itself, but the actual architecture remained unchanged. I hope we can 
clarify this in the future. 

Gilbert: Dr. Kehlet, I would like to answer your question about, if it’s working 
well, why are we trying to do something else? Years ago, we just learned from history 
what the surgeons taught us and that was what we contributed. Then the industry 
was called upon and we asked them to make instruments for us. This became much 
more prominent with the introduction of endoscopic surgery, and in the medical 
field, long before surgery, when they started to put in wires and things like that, 
the surgeons were the last ones to get into it. Clearly the companies and manufac- 
turers listen to surgeons. Why use a dome, why isn’t it softer? In this gives the indu- 
stry the impetus to move forward. So it may not all be scientific and you may have 
to view retrospectively which was better, but clearly industry is very much a part 
of our profession today. We have to try the things on the patient, we have to have 
the manufactured things and then we have to use them. 

Read: We have just completed a long-term study of the Lichtenstein operation com- 
pared to the Rives’ approach as extraperitoneal operation. So we are just going to 
get this published with a minimum follow up of 5 years. We had a lot of series about 
the Lichtenstein procedure and a modified Rives’ extraperitoneal approach, and 
we used the original Lichtenstein description. We have never seen an interstitial 
recurrence. But I am concerned about these changes you made. They may not be 
changes to Amid, but they are changes to the world out there. The idea of produ- 
cing a dome, as Dr. Amid has recommended, no longer mobilizes the cremasteric 
bundle, which allowed us to use the cremasteric muscle and the internal oblique 
to get to the internal ring. I mean, we talked about dropping in a Marcy suture, I 
am not sure you get the exposure without mobilizing in the original way that Lich- 
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tenstein recommended in the first description of the operation. I am not sure you 
can visualize the internal ring, to know where to put the Marcy suture. The other 
thing is, with this dome I am worried about the fantasy if an interstitial hernia 
may, in fact, occur. Because I think you relax the prosthesis. So what is the mecha- 
nism for the Lichtenstein operation being so successful? As you explained what the 
mechanism is, that there is some tension in this repair reinforced by the external 
oblique aponeuroses, I am just concerned about making these adjustments, and 
they are adjustments, putting a new patch with a dome. I am worried that we do 
not have good evidence that these modifications are going to work as well as the 
original operation, which I think is very good as described by Lichtenstein. 

Amid: Regarding the dome shape, I want to stress again the impression that because 
there now is a dome shape, this is something new. This dome shape has always 
been an integral part of the operation. 

Read: Why did you have a diagram showing that the mesh was straight? Why didn't 
you put a dome in the diagram? 

Amid: I will elaborate on that tomorrow. That was the original illustration in the 
preliminary report of Lichtenstein repair, which was only 2 years after its begin- 
ning. During the first years doing the procedure we recognized some problems, 
then as early as 1989 we decided that the mesh has to be extended over the tuber- 
cule, and has to be larger than the original 5 cm that Lichtenstein described. The 
mesh has to be relaxed. So the picture that I showed you was the original picture 
of the preliminary report of the repair. 

Kehlet: I just want to make a short comment to Gilbert: I think the collaboration 
with industry is wonderful and potentially very productive. But all these new tech- 
niques, all these new meshes, they have to be assessed scientifically on relevant 
results not thinking about what is going on at the moment. I just want to empha- 
size that. 





20 The Catastroph: Mesh Infection and 
Migration with Fistula Formation - 
Life Long Risk? 

Pathogenesis, Clinical Diagnosis, Management and Prevention 

M. Deysine 



Introduction 

Postherniorrhaphy mesh infection, mesh bowel intrusion, fistula formation, and 
eventual removal and reinsertion are all the consequence of mesh contamination 
during surgery. These complications are a profoundly disturbing issue for both the 
patient and the surgeon. We strongly believe that the future of this field is in pre- 
vention and we also believe that it is in the surgeon’s hand to markedly diminish 
or totally eliminate these outcomes. This syllabus will deal with the latest impro- 
vements in mesh infection deterrence. 

Numerous studies performed on the pathogenesis and natural history of her- 
nia mesh infection have demonstrated that the overwhelming majority of these 
complications emanate from exogenous bacteria. Having established this fact, we 
will survey their sources, recommend measures to impede their invasion, dimi- 
nish their food substrate, and finally exterminate them. Our goal is to persuade the 
reader that adequate infection control can diminish or even eliminate infection 
in mesh hernia surgery 



Incidence of Postherniorrhaphy Wound Infections 

Problems in Collecting and Publishing Reliable Data 

The work of Sanchez’s Montes has demonstrated that clean case surgical infections 
in general and clean herniorrhaphy infections in particular are grossly underre- 
ported. Her work showed a serious schism between the surgeon, the nurse epide- 
miologists, and the epidemiologists. These individuals do not usually work in an 
organized fashion, seriously jeopardizing data collection. The surgeon is overwor- 
ked and tends to underestimate the incidence and importance of his infections, 
a factor multiplied by the lack of proper classifications. For example: a subcuta- 
neous infection may not be regarded as important by some and becomes unrepor- 
ted while other operators consider it a significant event. The nurse epidemiolo- 
gists often fail to obtain the surgeon’s cooperation and cannot properly log in the 
cases. On the other hand, the epidemiologist, isolated from both and separated 
from the clinical situations, is unable to collect the data, or if he does, his findings 
are not based in reality and become meaningless. Therefore all the elements of the 
equation are inaccurate. The reasons behind these deficiencies have been well docu- 
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mented and include: deficiencies in reporting, harvesting data, feedback mecha- 
nisms, and surgical measures alone or in combination, all factors which have 
seriously jeopardized data collection. The fact that postinguinal herniorrhaphy 
infection rate has been reported to be between 0.1 to 14% is a good example of 
inaccurate da, a number similar to that of clean surgical cases. The infection rate 
of ventral herniorrhaphy seems to be unacceptably close to 7% however this figure 
is only an approximation. We can, however, estimate that in the United States of 
America approximately 21 000 postinguinal herniorrhaphy infections occur per 
year. These figures should be considered reliable and are associated with signifi- 
cant disability, human suffering, and economy loss [1]. 

Disturbingly enough, during the past 15 years, the literature has not documen- 
ted a drop in the above-mentioned infection rates. Moreover, the markedly increa- 
sed number of operated patients has augmented the significance of these compli- 
cations. Therefore even if infection rates have not changed, the number of infected 
patients has. 



General Surgical Scenario 

In the late 1800s the work of Lister, Pasteur, and others clarified the role that bac- 
teria had in the development of infection. Later, von Bergman formalized the sur- 
gical gestures and use of the necessary regalia to reach a reasonable level of opera- 
ting room asepsis and antisepsis; this routine is still used with minimal deviation. 
The implementation of these measures allowed the postoperative infection rate 
to rapidly fall from virtually 100% to around 10%. The advent of antibiotics and 
improved operating room conditions further lowered that infection rate to about 
3% for those cases called clean by the Altemeier group. Disturbingly enough, these 
figures have remained unchanged since the early 1950s. This fact means that a very 
large and increasing number of surgical infections occur per year [2]. 

Complicating the severity of this problem is the fact that since the 1960s we are 
inserting into the human body an incredibly larger number of temporary or perma- 
nent devices, the infection of which produces insurmountable postoperative pro- 
blem associated with high morbidity and mortality. Over five million of these gad- 
gets will be inserted this year in the United States; accounting for one half of all 
hospital infections and associated with a mortality between 5 and 60% [3, 4]. 

The fact remains that in the near future the number of inserted devices will 
multiply due to the availability of modern biotechnology, and the increasing popu- 
larity of organ replacement. 



Frequent and Unfortunate Herniorrhaphy Scenario 

The field of hernia repair underwent a significant change with the introduction of 
prosthetic devices. These devices have simplified the techniques, reducing at the 
same time the recurrence rate from 40 to 5% for ventral hernias and from 12 to 
below 1% for inguinal hernias. They have also shortened operating time and les- 
sened patient discomfort and disability. 





Chapter 20 The Catastroph: Mesh Infection and Migration with Fistula Formation - M. Deysine 



209 



However, the insertion of a foreign body carries with it the threat of infection, 
a complication that logarithmically increases its morbidity. A simple ambulatory 
inguinal hernia performed in roughly half an hour may require - if infected - hos- 
pitalization, multiple procedures, protracted care, and finally a high risk of recur- 
rence [5]. Furthermore, litigation is not rare under these circumstances. 



Enter the Orthopedic Establishment 

Our orthopedic counterparts have dedicated the past 30 years to implementing 
measures to curtail post total joint replacement wound infection. Originally with 
Charnley [6], Cristina [7] Wladvogel [8], and recently under the leadership of 
E.A. Salvati [9], these surgeons not only investigated all aspects of the infection 
process but they have also implemented into their field new and relevant informa- 
tion emanating from microbiologists and biochemical engineers. Following their 
efforts, the post joint replacement infection rate dropped from an unacceptable 
13% to below 1%, a remarkable feature. Some of these technical changes included 
the performance of orthopedic operations in state-of-the-art theaters fitted with 
ultraclean air devices while the operating team uses ventilated hoods and special 
paraphernalia; all performed in dedicated operating rooms. Furthermore, they 
utilize modern and sophisticated biotechnological tools for diagnosis, specimen 
acquisition, microbiological identification and finally, specific antimicrobial therapy. 
All of these factors have contributed to a remarkable fall in complication rates [10]. 

In sharp contrast, herniorrhaphies are routinely performed in the common ope- 
rative theaters without specific air filtration systems, while the surgeons wear only 
the customary regalia. In addition, nonrelevant personnel are permitted to tran- 
sit through these operative rooms, augmenting the amount of air-borne bacteria 
which find their way into the wound. Furthermore and more important, infected 
cases may precede the hernia repair. What is most significant is the fact that the 
surface of the largest orthopedic prostheses is smaller than a polypropylene mesh 
used for a ventral herniorrhaphy, thus exposing a larger surface to the invading 
bacteria [3]. 



The Significance of Foreign-Body Insertion 

The surgical insertion of large foreign bodies began in the 1960s when Charnley 
popularized hip and knee replacements; however, these procedures were initially 
associated with high infection rates, prompting the surgeons to implement metho- 
dology to reduce them. The subsequent orthopedic data clearly demonstrated that 
prosthesis implantation should only be undertaken if the operating theater provi- 
des means to diminish the number of environmental bacteria entering the wound. 
We believe that prosthetic herniorrhaphy should be performed under the same 
principles of antisepsis and asepsis because the total surface of a large propylene 
mesh used for a ventral herniorrhaphy far exceeds the surface of any orthopedic 
prosthesis. This situation is magnified when ePTFE material is utilized, because its 
real surface vastly exceeds that of polypropylene [2, 10]. 
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Mesh insertion performed without the utilization of the highest degree of pro- 
tection available against bacterial colonization exposes the prosthesis to infection. 
These realities emphasize the need to persuade surgeons to avail themselves of 
environments where mesh hernia surgery can be safely performed 



Biology of Bacterial Invasion 

The interaction between bacteria and host was studied in detail by microbiolo- 
gists, bio engineers, surgeons and epidemiologists. Gristina, Waldvogel and others 
were able to insert that knowledge comprehensibly into the daily routine of the 
operating surgeons. The work of J.D. Brayers and EA Salvation has been funda- 
mental for the wide spreading of these concepts in terms that can be understood 
by the medical profession [3, 4, 9, 10]. 



Irrefutable and Irreconcilable Biological Facts 

1. When inserted, the prosthesis becomes coated by a protein film (fibrin, laminin, 
collagen, and fibronectin) to which the perennial wound microbes become atta- 
ched by electrostatic forces or by specific molecular adhesion. 

2. The microbes secrete surface molecules »receptors«, specifically programmed to 
bind to this organic substances. 

3. Upon attachment to the substratum, microbes produce extracellular mucopoly- 
saccharides creating a chemical and biological glue that binds them at the mole- 
cular level to either the host tissues or to the prosthesis. 

4. These adhesives, combined with platelets and host cells, produce a magma that 
is virtually impervious to the most severe antibiotic regime. 



Conditions Determinig Biofilm Formation and Performance 

This continuously enlarging field was clearly depicted by Breyers in his recent 

review and I will summarize it as follows [3]: 

1. Bacteria transit from the ambient, the surgeon and its armamentarium to become 
in contact with the wound 

2. Several physical forces influence not only bacterial transit but also their capa- 
city to adhere to different surfaces under different conditions. The significance 
and pathophysiology of these mechanisms have been extensively studied in 
Gram-positive and Gram-negative bacteria and include: A - quiescent condi- 
tion; B - laminar flow conditions; C - turbulent flow conditions; D - prosthetic 
surface topography; E - different bacterial characteristics. 
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Mechanisms of Biofilm Detachment. 

Can We Create Materials that Will Repell or Kill Bacteria? 

This very important process deals with the possibility of creating molecular sur- 
faces that could inhibit bacterial attachment. Many attempts have been made to 
understand these mechanisms in order to add new properties to the biomateriaTs 
surface so they may either repel or kill (using antibacterial agents) the invader [11]. 
Hernia prostheses can be either hydrophobic or hydrophilic, and their capability 
of attracting or rejecting water molecules will make them more or less amenable 
to bacterial binding [2]. 

Bacterial wound invasion is produced by mechanisms which can be significantly 
curtailed by application of proven principles. Based on reliable data, bacterial entry, 
adherence, and colonization in a herniorrhaphy wound are not chance occurren- 
ces but expected events and their lessening should become a high priority for the 
surgeon [3j. 

It is of importance to notice that the frequent illusion that meshes can be rejec- 
ted by immune mechanisms is not supported by scientific facts; neither is the opi- 
nion that prostheses by themselves can produce infections in susceptible indivi- 
duals. Prostheses are rejected through the process of suppuration after becoming 
colonized by bacteria 

In summary, the formula necessary to produce a wound infection requires (1) 
a critical bacterial mass, (2) a quantity of organic material to nourish it, permitting 
their survival after contamination. On the other hand and very importantly, healthy 
tissues coated by extracellular space fluid seem to resist bacteria well explaining 
the fact that in spite of the presence of bacteria, 97% of all clean surgical cases heal 
uneventfully. 



The Bacterial Family - Know Your Enemy! 

A variety of different bacteria can intervene to produce a prosthetic infection. 
The field is dominated by Staphylococcus aureus and Staphylococcus epidermidis, 
but a large array of Gram-positive and Gram-negative bacjeria can also intervene; 
however, these tend to appear later in the patient’s clinical course. It has been 
determined that Gram-negative organisms are more difficult to eradicate; howe- 
ver, it is evident that any kind of bacteria could potentially contaminate a mesh 
and produce an infection. 

Antibiotic-resistant bacteria can present a formidable problem for treatment 
and it seems that susceptibility to specific antibiotics and their appropriate utiliza- 
tion may be an important factor in their successful utilization. It is also evident 
that in different regions of the world the biological behavior of bacteria may also 
differ, as also their reaction to the most frequently used antibiotics. There is also 
evidence that antibiotic resistance is increasing worldwide. 
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The Laboratory in the Diagnosis of Infections 

There are many well-established laboratory methods to study suspected 
prosthetic infections. This emerging methodology has been popularized and 
made practical by orthopedic surgeons. Modern technology has added several 
new methods that strengthen the capacity of classic ones and may soon replace 
them totally. This has been summarized with erudition by Salvati et al. [10]. 



Clinical Diagnosis of an Infected Prosthesis 

Erythrocyte Sedimentation Rate [ESR] 

ESR, the oldest methodology, measures red blood cell agglutination by acute 
phase reacting proteins. Its sensitivity has been found to be 82%, with 85% speci- 
ficity, a positive value of 58% and a 95% negative value however, the presence of 
unrelated infections like inflammatory arthritis, malignant diseases, minor vire- 
mias, or even Candida may produce a false positive result. 



C-Reactive Protein 

This is an acute phase protein which seems to be a more sensitive indicator of 
inflammation and infection and is useful for long-term follow up. It has been 
found to have a 96% sensitivity, 92% specificity, and a 74% predictive value. The 
combination of ESR and C-reactive protein is a more powerful diagnostic tool and 
when both are negative the possibility of infection is 0; when both are positive, the 
probability of infection is 83%. 



White Blood Cell Count 

In spite of its popularity, this test was found by Salvati et al. to be unyielding with a 
sensitivity of 20% a specificity of 96%, and a predictive value of 50%. The negative 
predictive value is 85%. 



Imaging 

Magnetic resonance imaging may show radiolucent areas that cannot be detected 
by routine radiology however sonography is more sensitive and easier to use and 
maybe the imaging diagnostic method of choice. 

Technetium-99 scans are considered sensitive but not specific. A negative test 
may rule an infection out. 

Indium-lll-labeled WBC may be useful whenever there is augmented vascula- 
rity in the region but its value decreases in chronic processes where the vascularity 
has diminished due to scarring. 
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Immunoglobulin-G scans utilize radioactive labeled IgG as a tracer because im- 
munoglobulins have an increased affinity to tissues undergoing an acute inflamma- 
tory phase. This test is still undergoing evaluation. 



Intraoperative Testing 

Upon reaching the suspected infection, the surgeon should take the necessary 
measures to assure proper bacterial identification. In this field, new technology 
will yield more precise results allowing for adequate antibiotic coverage. It is a 
well-known fact that sampling errors are common and these include: incorrect 
skin preparation, improper labeling, and inadequate plating of the specimen are 
common, but the most significant sources of error are the utilization of outdated 
laboratory techniques and practices. Lately, microbiologists have devised new 
methodology which permits a more accurate pinpointing of the offending bac- 
teria. 

The orthopedic literature has specific recommendations as to the management 
of such specimens in order to prevent false negatives results [10]. 



Bacteriological Management of the Specimen 

During surgery, portions of the suspected mesh may be removed; however, impro- 
per bacteriological techniques may jeopardize the identification of the offending 
bacteria. Under certain conditions, the bacterial adhesins may bind them to the 
prosthetic molecules, impeding their identification by simple culture techniques. 
Some investigators working under strict anaerobic bacteriological practices have 
utilized sonication to dislodge the bacteria from the biofilm, permitting their 
proper identification. The same investigators have utilized inmuno-fluorescence 
microscopy and reverse transcriptase PGR to amplify the 16S bacterial ribosomal 
RNA signal, identifying the bacteria or their RNA in 63% of the instances. These 
findings correlate well with histopathology. 



Intraoperative Gram Stain 

Although this is widely use and recommended, Salvati et al. found it to have a dia- 
gnostic sensitivity of only 19%, a predictive value of 63%, and a negative predictive 
value of 89%. Its false negative rate is so high that they may mislead the surgeon. 
If an infection is clearly recognized by the surgeon it should not be used as a defi- 
nite test [10]. 



Intraoperative Frozen Section 

This test, which has been used by orthopedic surgeons, can be of help to identify 
bacteria in portions of polypropylene mesh that may be left behind to granulate as 
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they seem to be free from infection. The pathologist should examine these speci- 
mens under low-power magnification first and then move to high power to assure 
proper sampling. The test’s end point is to identify polymorphonuclear leukocytes 
with the height power field. It has been found to have 100% correlation with a per- 
manent histological section. The test has a sensitivity of 80% and a specificity of 
94%. The predictive value of a positive test is 74% and the negative value 96%. 
These results have been corroborated by several authors. 



Molecular Biological Techniques for Bacterial Identification 

The modern laboratory is now fitted with technology that permits the molecular 
identification of bacteria and it is predicted that such advances will further aug- 
ment our knowledge of the intricacies of bacterial invasion and its treatment. 

Once the specimen is obtained, one of the most difficult tasks is to identify the 
offending bacteria within it. Simple culture and sensitivity may not be sufficient to 
isolate the microbes and more sophisticated techniques are necessary to avoid false 
negative results which will jeopardize the diagnosis. These techniques include the 
assessment of various cytokines, interleukins and gamma interferon, all byproducts 
from the initial systemic response to bacterial toxins. 

Polymerase chain reaction (PCR) is based on the findings of very small 
amounts of bacterial DNA in the specimen. These minute aliquots can be replica- 
ted and increased in volume by the polymerase chain reaction allowing the iden- 
tification of a specific bacteria DNA in the suspected specimen. This test is very 
sensitive but has no specificity because it cannot distinguish a successfully trea- 
ted infection from an active one; however, it is a promising technology 



Up-To-Date Handling of the Specimen Aspirated from a Suspected Wound 

Once plated, the culture should be incubated for at least 5 days; however, recent 
antibiotic treatment can produce an inaccurate result. To be significant at least two 
out of the three samples should be positive. The sensitivity of this test was found to 
be 94%, the specificity 97%, the predictive positive value 77%, and the negative pre- 
dictive value 99%. 

New microbiological techniques which may yield better results include immuno- 
fluorescence microscopy and polymerase chain reaction amplification. 

One of the emergent techniques is the utilization of a serological marker for 
staphylococcal peri-prosthetic infection utilizing an enzyme-linked immunoab- 
sorbent assay (ELISA). The specific IgG levels towards this antigen were found to 
be elevated in patients with staphyloccocal infections. The sensitivity of this test 
was 93.3%, with a false positive rate of 3% and a specificity of 96.9%. In addition 
there seems to exist a DNA sequence common to all bacteria and its identification 
may help uncover their presence. 
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Infection Control in the Operating Theater 

Since von Bergman, surgeons have attempted to isolate the operative wound from 
the outside air with varying success [12]. There is strong evidence that bacteria will 
enter the wound from a diversity of operating theater sources and, as in other epi- 
demic control situations, this is a manageable variable. The contemporary surgical 
team has at its disposal new and relevant information about bacterial biology as 
well as gadgets, antiseptics and other equipment created for bacterial control. We 
believe that it is the surgeon’s responsibility to enforce and persuade his or her team 
about the need for strict antisepsis and although no single defense element can be 
responsible for success, the combination of all will yield improved and acceptable 
results. 

What follows is a description of measures that can be implemented to prevent 
infection. 



Measures Dealing with Skin Bacteria 

Normal human skin and its sweat glands contain bacteria, particularly in the vici- 
nity of natural cavities. Accepted methods of skin preparation do not completely 
eliminate such microorganisms, the presence of which should constitute a constant 
challenge for the surgical team. Skin shaving just before surgery has been proven 
to decrease postoperative infections by eliminating bacterial colonization of nicks 
and cuts produced by the razors. 

Recommendations. We shave our patients on the operating table just before sur- 
gery. Skin preparation should include a vigorous scrub with an antiseptic soap fol- 
lowed by painting with antiseptic solutions. The painted area should generously 
exceed the margins of the planned incision to prevent wound contamination from 
adjacent unprepared skin, the margins of which may be reached when retracting 
or extending the cut. 



Control of Bacteria Entering the Wound from the Air 

Operating rooms receive an outside air supply which is generally unfiltered and 
transports bacteria. In essence, the air circulating in ordinary operating rooms 
may be as contaminated with bacteria as that of the rest of the hospital. Logistical 
and economic factors have prevented many hospitals from constructing operating 
theaters with state-of-the-art air filtration, direction, and rate of flow. Studies by 
Charnley demonstrated the blameworthy role that operating room air has in infec- 
tions and his team developed environmental changes geared to change air flow fil- 
tration and direction; these results were confirmed by Ayliffe, who reported that 
operating room air should ideally be changed 25 times an hour [13]. Subsequently, 
M.J. Hubbell demonstrated that ultraclean (filtered) laminar air flow reduced the 
infection rate after hip and knee replacement by 50% [14]. Supporting these fin- 
dings, Lidwell in a multicenter study of 8000 total hip replacements, found that air 
and wound bacterial counts and subsequent infection rates were significantly lowe- 
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red by the utilization of ultraclean air systems; these figures improved when anti- 
biotic prophylaxis was added [15]. 

Recommendations. If your present operating room does not meet such stan- 
dards, it is recommended that the specific Hospital Committee should request the 
necessary alterations. 



Bacteria Sheding from the Team Bodies Across the Gowns 

Body motion produces bacterial shedding into the wound; this adds to that 
already falling from the air. In conventional theaters, if caps and masks are omit- 
ted and cotton gowns are used, the wound bacterial count rises sixfold [1]. As 
demonstrated by Charnley, shedding of microorganisms by the operating room 
personnel can be curtailed by the introduction of ventilated personnel hoods 
which reduced the infection rate from 9 to 1% [6]. In addition, Hubble in 1993 
demonstrated that if the surgeon leans forward over the wound, the bacterial 
wound contamination increases 27-fold and also recommended the use of body 
exhaust suits [14]. 

Recommendations. Mesh hernia surgery should be performed utilizing body 
exhaust suits in utraclean rooms which filter and direct the incoming air. 



Bacteria from Errors in Surgical Gesture 

Through the years, surgeons have developed a series of motion routines utilized 
during skin painting, draping, gowning, gloving, as well as changes in position 
during the operation etc. all geared to avoid operative field contamination. Depar- 
ture from these almost ceremonial gestures increases the possibility of contamina- 
tion. New and inexperienced personnel should be drilled in their performance 
before they are allowed to become involved in an operation. 

Recommendations. Gowning and gloving should be performed with carefully 
rehearsed maneuvers under the surveillance of the whole team to prevent well- 
documented but often undetected contamination. Unrehearsed or careless draping 
may lead to contamination, as drapes are allowed to drag over nonsterile areas. 
Equally important is that gowned personnel prevent closeness from nonsterile 
objects and visitors. 



Bacteria from the Team Hands and the Limitations of Glove Protection 

Since Semmelweis correlated hand-carried bacteria with puerperal sepsis, surge- 
ons have utilized a variety of methods to decrease such a form of contamination 
with limited success. The work of Deneen and others emphasized that hand scrub- 
bing should be adequate and conscientious. However, in spite of the efforts made 
to sterilize the surgeon’s hands with bactericidal detergents containing povidone 
iodine, chlorhexidine or alcohol compounds, it is virtually impossible to eliminate 
microorganisms from the sweat glands, depths from where they will eventually 
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resurface. Residual antibacterial products remaining in the skin surface lower the 
bacterial flora but can not eliminate it. 

Glove utilization has evolved from the surgeon’s protection against infected pati- 
ent matter to the transmission of bacteria from the surgeon’s hand into the wound 
and nowadays to the protection of hospital personnel from HIV-infected patients. 
Regardless of the methodology used, the surgical team should remember that the 
bacterial count in gloved hands increases with time and that those microorga- 
nisms will cross glove perforations, producing veritable wound irrigations with 
bacteria laden sweat. Furthermore, gloves develop micropunctures after 2 h of work 
and through these holes bacteria will enter the wound. Gloves should be conside- 
red an ephemeral measure in wound infection prevention [16]. Accordingly, hand 
manipulation of the wound should be sparse and so should be the hand contact 
with the business end of the instruments. Watson-Jones recommended curtailing 
hand manipulation of the wound and considered sterile only the tip of the instru- 
ment [17]. There is increasing evidence that doubled gloving will markedly redu- 
ced bacterial leakage into the wound; unfortunately, that policy only reduces lea- 
kage from 59 to 25%. 

An additional problem is that gloving requires some form of friction-reducing 
agent. Talcum powder, abandoned because of its tendency to produce granulomas, 
was replaced by corn starch, a substance that also produces a tissue inflammatory 
reaction which increases the chance of infection [2]. 

Recommendations. Double glove and rinse gloves frequently in N/S solution 
to remove clots and fat. Avoid touching the wound and the business end of your 
instruments with your hands. Irrigate the wound to remove residual glove-lubri- 
cating materials. 



Bacteria from Transiting Nongarbed Personel 

It is a common occurrence that personnel not involved with the procedure transit 
through the operating room for a variety of reasons. Even if gowned, these indivi- 
duals present a real logistical challenge for those who would desire a cleaner ope- 
rating environment. It is absolutely necessary that the operative room personnel 
present at all times a polite but adversary attitude toward those who transit into 
their territory, because even if they wear operating room pyjamas, they carry bac- 
teria from dirty to clean areas [10]. 

Recommendations. This rule should be strongly enforced by the circulating 
nurse as the rest of the personnel are busy with the procedure itself and can not 
see who is moving around. 



Bacteria Entering from Drains 

Regardless of whether atmospheric or negative pressure is utilized for wound drai- 
nage, these devices establish an open connection between the outside bacteria and 
the wound. Microorganisms would vigorously defend their utilization because it 
assures them a constant food supply. Protracted drainage constitutes an invitation 
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to infection. Drains are seldom utilized in inguinal herniorrhaphy, but their employ- 
ment in ventral repairs is widespread and should be restricted to a short postope- 
rative period. 

Recommendations. Use drains only when absolutely necessary. They should be 
well covered by sterile dressings and removed as soon as their function has ended. 



Endogenous Bacteria 

The overwhelming majority of wound infections emanate from exogenous bacte- 
ria. However, there is evidence in the orthopedic literature suggesting that bacteria 
originating from sources such as tooth cavities or other septic foci may reach the 
wound postoperatively, producing an infection. Immune-suppressed patients are 
very susceptible to infections and so are those receiving - corticosteroid therapy. 
Prophylactic peroperative antibiotics and particularly systemic antibiotic therapy 
used during the manipulation of septic foci may diminish the possibility of an 
endogenous infection. 

Recommendations. This group of patients will benefit from consultation with 
an infection disease specialist who can advise about the antibiotic of choice. Most 
importantly, every attempt should be made to curtail corticosteroids before elec- 
tive surgery is undertaken. If surgery is emergent, patients should receive empiri- 
cal peroperative and postoperative antibiotic coverage 



Bacteria, Their Food and Our Recommended Diet 

Measures to Diminish Bacterial Food Substrate in the Wound 

Once in the wound bacteria will rely on some form of nourishing substrate on which 
to feed and ultimately reproduce. It is the task of the operating team to reduce such 
a food supply. 



Reduction of the Amount of Tissue Crushed by Clamps, 

Retractors and Other Instruments 

The surgical act exposes the tissues to varying degrees of stretching, compression, 
and shearing; such forces may produce cell death or vascular disruption creating 
necrotic material. 

Cell damage produced by retractors, clamps and forceps is proportional to the 
forces applied over a given surface: 

Pressure = Force applied by the instrument/ Instrument active surface 

Accordingly, small-end forceps produce significantly more trauma than broad- 
end ones. Equally so, the pressure created by retractors can create similar tissue 
effects, increasing the amount of mortified cells left in the wound. These areas of 
necrotic bacterial substrate can be minimized by the judicious utilization of crus- 
hing instruments of all kinds. 




Chapter 20 The Catastroph: Mesh Infection and Migration with Fistula Formation - M. Deysine 



219 



Recommendations. Although it is difficult to eliminate such factors from the 
surgical act an attempt should be made to minimize them. Keep tissue handling by 
instruments at a minimum and choose the ones that have the widest utilitarian end 
possible. Avoid repeated use of forceps over a singular tissue area. If a portion of tis- 
sue seems devitalized, excise it. 



Tissue Strangulated by Ligatures and Suture Lines 

Ligatures, sutures and tight suture lines produce areas of compromised tissue vita- 
lity constricting capillary circulation, leading to necrosis of the sutured edges which 
becomes a suitable media for bacterial colonization [5]. 

Recommendations. Whenever possible, suture material should be reabsorba- 
ble except when involved in the repair itself. Hemostatic ligatures or ties should be 
cut short to diminish the amount of nonviable material. Braided nonreabsorbable 
suture materials should be avoided, as they provide nidus for bacterial survival. 
Prosthetic tension-free techniques markedly diminish this problem; however, the 
surgical team should be aware that undue force while tying knots or in continuous 
suturing creates the same problem. 



Tissue Necrosis from Wave Energy 

The electrocautery hemostasis of small vessels is an indispensable element for the 
completion of a surgical procedure. At the same time, the electrocautery produces 
in depth coagulation tissue necrosis similar to a third-degree burn, generating 
abundant food substrate for bacteria. The depth of such destruction depends on 
the integration of energy x time x surface all factors controlled by the surgeon. 
Manufactures of radiofrequency units claim less in-depth damage, but this may be 
related to the intensity and the time during which the energy source is utilized and 
not on the type or wave [2]. 

Recommendations. Although these adjuvants have simplified surgery, they 
should be utilized with discretion to avoid creating an ideal media for bacterial 
growth. On the other hand, scissors or the scalpel produce a very thin layer of cell 
necrosis. We recommend that electrocautery utilization be restricted to the gentle 
coagulation of bleeding vessels and not for cutting. 



Tissue Necrosis from Desiccation 

Tissue dissection exposes a large number of live cells to dry and heated operating 
room air. The vitality of these exposed cells, essential for uneventful postoperative 
healing, depends on the hydration they can obtain from the underlying tissues. If 
allowed to die by desiccation, these cells will provide nutrition for the invading 
bacteria. 

Recommendations. The surgical team can significantly reduce desiccation cell 
death by frequent wound irrigation with isotonic fluids, preferably containing an 
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antibiotic. Equally beneficial is the covering of exposed tissues with towels soaked 
in these solutions 



Emerging Wound Fluid from Extravasated Blood, Serum and Lymph 

As the dissection divides blood and lymph capillaries, these elements will weep 
fluid into the wound. Such extravasations continue after the wound is closed, adding 
to the edema fluid created by trauma. This protein-rich aliquot is available for bac- 
terial consumption. 

Recommendations. Such fluid should be rendered bactericidal by mixing it with 
antibiotic irrigation; otherwise its presence in the wound will permit bacteria to 
feed a virtually ideal substrate. 



Pathogenesis of Bacterial Colonization 

The invasion 

As discussed by Bryers [4], soon after their wound entrance, bacteria will pro- 
duce substances designated as microbial surface components recognizing adhe- 
sive matrix molecules (SCRAMS). These compounds recognize and adhere to 
fibronectin-, fibrinogen-, collagen- and heparin-related polysaccharides, all com- 
ponents present in host fluids which will eventually bathe the inserted prosthesis. 
SCRAMS behave like an exchange resin through which bacteria can both feed and 
eliminate waste. 

On an atomic level, prosthetic surfaces possess binding sites that will acquire 
and share a film of glycolproteinacious material available to host living cells, 
prosthetic molecules, and bacterial surfaces. Given enough time, this process will 
allow molecular cross-linking between bacterial SCRAMS and either host tissue or 
the prosthesis, producing an almost irreversible attachment by adhesion. This com- 
bination of tissue fluids, bacterial glues, and prosthetic surface molecules forms a 
layer into which antibiotics cannot reach, strongly siding with bacterial survival. 
It is therefore important to accept the following concepts: 

1. Bacteria will enter the wound. 

2. The wound provides organic substratum for bacterial nourishment. 

3. Once in the wound, bacteria will undergo a series of Darwinian evolutionary 
events, leading to their survival by feeding, reproduction and eventual coloniza- 
tion of devitalized tissue or prosthesis. 

4. These events will produce an inflammatory response seeking to eliminate the 
bacteria by suppuration creating a clinical infection [5]. 

5. Present knowledge about bacterial biology, utilization of available armamenta- 
rium, plus attitude modification can eliminate mesh hernia infection. 
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The Conflict 

At tissue level, these events suggest that similarities exist between the bacteria - 
wound conflict and human wars. In both instances it is a well-known fact that the 
best way to maintain peace is prevention because the consequences of war are grave 
and long-lasting. 

We believe that when dealing with what are called clean wounds, infection is 
a preventable event as long as the surgical team is conscious that it is within its 
power to diminish the number of bacteria entering a wound and the amount of 
food substratum left in it. Once the biological counterattack occurs in the form of 
an inflammatory reaction, collateral prosthetic damage will occur from suppura- 
tion. As described by LeBlanc, DeBord, Chevrel, Kavic, Dayton, and Schumpelick 
[18-23], the long-term results of this conflict may require mesh removal, leading to 
hernia recurrence and protracted surgical treatment. 

Both tension-free and conventional anatomical repairs produced a significant 
cytokine response within the inflammatory response 



The Battle 

Measures Recommended to Kill Bactera After They Reach the Wound 

Antibiotic Wound Irrigation During Surgery 

Acknowledging the fact that a so-called clean wound will contain bacteria, the sur- 
geon can diminish their quantity, wound surface adherence, and reproduction by 
the use of systemic and local antibiotics which have been extensively utilized by 
orthopedic and ophthalmologic surgeons with encouraging results. 

Since 1984 and following the occurrence of five consecutive postinguinal her- 
niorrhaphy wound infections, the author started to irrigate all of his herniorrha- 
phy wounds with a solution of 80 mg of gentamicin sulfate dissolved in 250 ml of 
normal saline solution or multiples thereof. The irrigation was initiated during the 
dissection of the deep planes and continued intermittently until the skin was clo- 
sed. During the repair of large ventral hernias the exposed tissue flaps were covered 
with towels soaked in this solution in which the prosthesis was kept until its ins- 
ertion. We empirically chose gentamycin because the literature around 1984 revea- 
led that wound irrigation with neomycin, bacitracin, cephalosporins and other 
agents did not eliminate infections in clean orthopedic wounds. Later, several ortho- 
pedic investigators utilized gentamycin beads, incorporated into cement or pin slee- 
ves for the treatment of orthopedic wound infections. The pharmacodynamics of 
gentamycin release from polymethylmethacrilate beads placed in wounds was stu- 
died by Dirschl et al., Wahlig et al. [24, 25], and from pin sleeves by Voos et al. [26]. 
Rutten et al. found that gentamycin could also lower the infection rate of conta- 
minated surgical wounds [27]. That effect was reproduced in intra ocular surgery 
by Dickey et al. [28]. Lately, Yamamoto et al. were able to prevent neurosurgical 
infections by irrigating their wounds with gentamycin [29]. Closer to our field, 
Musella et al. significantly diminished the infection rate in prosthetic hernia repair 
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by inserting a gentamycin-impregnated collagen tampon in front of the prosthe- 
sis [30]. 

We were concerned about gentamycin side effects; however, blood levels of the 
amino glycoside could not be detected 1 h after the end of eight inguinal herniorrha- 
phies during which gentamycin irrigation solution was used. Furthermore, none of 
the approximately 5500 patients in which this solution was utilized (the group also 
included a variety of general surgical cases) exhibited evidence of systemic effects. 
These results coincide with those of Salvati et al. [31]. In 1996 Troy reported that 
topical cefazolin and bacitracin significantly decreased the quantitative growth of 
bacteria found in tissue from herniorrhaphy wounds. In their hands, topical and 
intravenous antibiotics seem to be equally effective [32]. 

Peroperative Antibiotics 

The administration of peroperative prophylactic antibiotics is still controversial; 
however, several investigators encourage their utilization. In a 1991 supplement 
covering the subject. Archer et al. suggested that the hospital staff constituted a 
nosocomial reservoir for resistant organisms [33]. Reddington et al. stated that the 
goal of prophylaxis should be to provide serum levels of free antibiotic above the 
MIC for the entire surgical procedure [34]. Waldogel and his collaborators empha- 
sized that because clean wounds are undoubtedly contaminated, the critical period 
of infection development is short, thus infection control becomes more a quanti- 
tative than a qualitative problem. They further recommend that the time span of 
peroperative antibiotic administration should not exceed 24 h [8]. Hopkins provi- 
ded clinical evidence that antibiotic prophylaxis in herniorrhaphy may decrease 
infections by 50% advising caution on their utilization [35]. Hill on the other hand, 
found that although prophylactic Cefazolin was effective when used in regular ope- 
rating theaters he could not corroborate that effect in ultraclean ones [36]. Later, 
Classen, Lazorthes, Wong-Beringer, and Abramov recommended peroperative anti- 
biotic utilization [37-40]. Gilbert, in a cooperative study, did not find enough evi- 
dence for their use [41]. 

We administer a single, 1-g dose of a second generation Cephalosporin (Ancef) 
half an hour before the incision is made. After its utilization in over 4300 herni- 
orrhaphies we have not detected systemic or local evidence of bacterial overgrowth. 
If the patient is allergic to penicillin, antibiotics are either withheld or, for those 
at higher infection risk because of compromised immune systems or on long-term 
corticosteroid treatment, we recommend a single peroperative dose of linezolid, a 
new oxazolidinone. This agent has been found by Stevens et al. to be as effective as 
oxacillin- dicloxacinin in the treatment of soft-tissue infections and can be utilized 
in penicillin-allergic patients [42]. 

In our hands these measures have eliminated wound infections in over 4000 
inguinal and 400 ventral herniorrhaphies performed during the past 18 years. 

Bacterial Killing by Binding Antibacterial Agents to the Meshes 

In order to diminish bacterial mesh colonization, several investigators have attemp- 
ted to change the physical and chemical properties of the prosthetic materials by 
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several approaches: Gupta and DeBord et al. found no adverse human reactions 
after the utilization ePTFE patches impregnated with silver and chlorhexidine [11]. 
As reported by Zdanowsky, the adherence of Staphylococcus aureus^ S. epidermidis, 
and Escherichia coli to ePTFE, Dacron, Dacron impregnated with gelatin, double- 
knitted velour Dacron impregnated with bovine collagen, or Dacron externally coa- 
ted with bovine collagen was lower than in untreated Dacron or ePTFE. Coating 
with human plasma reduced bacterial adherence to woven Dacron and increased 
the adherence to ePTFE [43]. 

B. Montdargent and P. Letourneur found that the fibronectin-promoted in vitro 
adhesion of S. epidermidis to fibronectin-coated surfaces could be inhibited by deri- 
vatized dextrans that function as heparin-like molecules [44]. These findings were 
reproduced in vivo by Rojas et al., opening a new horizon on the development of 
prosthesis resistant to bacteria [45]. The release of antibody from a polyurethane 
hydrogel coated with bioactive antibodies cast on a polymer biomaterial imparted 
enhanced bacterial killing, reduced bacterial adhesion, and increased infection 
resistance to Escherichia coli [46]. These findings give hope to the possibility of 
creating a prosthetic polymer which by itself can prevent bacterial colonization, 
thus diminishing the chances of infection 

Immune Therapy 

Recently, H. Shinefield and his colleagues have successfully utilized a Staphylo- 
coccus aureus-conjugaied vaccine to prevent infections in 1804 patients receiving 
hemodialysis for end-stage renal disease. This afforded a 40-week period of immu- 
nity, halving the number for bacteremia episodes. Under these circumstances S. 
aureus are killed by polymorphonuclear neutrophils and antibody-mediated opso- 
nophagocytosis. In vitro data from this study showed that both methicillin-resi- 
stant and antibiotic- sensitive strains of S. aureus are killed by the same mechanism. 
These investigators stress the fact that »because patients receiving hemodialysis 
are among the less likely to have a response to inmunoprophylaxis, the efficacy of 
the vaccine may be at least similar or perhaps greater in other patient populations«. 
These very promising findings suggest that in the future, patients could be preo- 
peratively immunized against bacteria which commonly colonize our prosthesis. 
If these findings are confirmed, they may open a new chapter in wound infection 
prevention [47]. 



In Summary 

The present armamentarium allows the surgeon to drastically diminish both ele- 
ments involved in the pathogenesis of wound infection: bacterial volume and 
nutritional substrate. However, behavior modification is needed to reach such a 
goal, and the teaching of it should commence early during residency training, 
emphasizing the fact that the present infection rate should be considered unaccep- 
table and a major reason for academic scrutiny. 
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Discussion 



LeBlanc: Whenever I reoperate on a patient after infection of incisional hernia 
repair, I usually just wait 6-9 months, think that it will than be clean of bacteria; 
but, what you are saying is I should have done aspiration even by that time. My 
second question: is there is a future for meshes with antimicrobiologic agent in 
them? Do you think that they could offer any benefit at all? 

Deysine: I reoperated on a patient and I found a little abscess after the whole thing 
was dissected, it took me 2 h to dissect and then what do you do? Put in a mesh 
knowing you have an infection? So Fm going to put in a needle and if you find bac- 
teria you don’t put a mesh in, and when you don’t, then you can try. 

The second question: yes, I believe, that the future lies in the incorporation in 
meshes of antimicrobiological agents. This has being tried with silver nitrate, and 
with other agents. My irrigation, which is a very inexpensive way, is at a bacterici- 
dal level; it will kill the bacteria. It is a long story how I came to it: it was just bad 
luck and ignorance. But it works for me. 

he Blanc: How about these laparoscopic cases, when we can’t irrigate the wound? 

Deysine: In your case you have a problem! Because if you put gentamycine in the 
abdominal cavity it will be absorbed; but you use Gore-Tex, so this cannot be put in 
water, it won’t get wet. So I don’t know what to tell you. 

Offner: Do you think the infection always develops primarily in the wound or do 
you think it is possible to get a hematogenous infection as a cause of graft infection? 

Deysine: The orthopedic surgeons have done a lot of work on that. Dental proce- 
dures can produce bacteremia. I am not so sure if these bacteria go into the wound. 
I am more convinced that bacteria sit on your prosthesis for years and they are 
having lunch and having dinner and having a family and then one day your defi- 
ciency goes down and they start moving again. 

Schumpelick: How should we handle mesh infections if not the whole mesh is 
infected. Sometimes only the margin of the mesh is infected, but you wrote on your 
slide of removing the whole mesh. The second question is: if there is a life-long risk 
of receiving an infection; for cardiac valves we have to do a life-long antibiotic pro- 
phylaxis if we do a colonic resection or something else. Is it a life-long risk even of 
a mesh inside becoming infected? 

Deysine: To the first question: resection of a Marlex mesh should not be complete, 
sometimes you just leave a piece that is well filled with granulation tissue and it 
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will heal back, and then you have something that you can sometimes use later. You 
have to use your surgical judgement, you can take a piece out and wait to see if it 
heals. If it heals nicely it is fine. Gore-Tex is different, I mean ePTFE is just that it 
has so many credits that the bacteria have an apartment there, the second question 
is, that there is no answer for that in the hernia literature. The orthopedics tell you 
that you can have an infection during your whole life and the possible procedures 
where you can have bacteremia, e.g. colonic resection, we should possibly give anti- 
biotic prophylaxis, but this would be worth a study. 

Schumpelick: Is this a proven result or is it your personal opinion? Is there literature 
about that? 

Deysine: About orthopedics yes, plenty. About hernias, nothing that I could find. 

Simons: I think you have a vast experience, but what you told us is something that 
we should call an observational retrospective study. I would like to stress that this 
is level-three evidence, we have to go to level - one evidence to convince people 
like me and out in the field. You have so many variables that you change, like the 
air and the suit and the mask, so we don’t know what part of the infection eradi- 
cation is the gentamycine you put in the wound. I know the example of Amid, he 
put powder with antibiotics in the wound, but he changed that, because he didn’t 
see any changes in numbers of infections; and also that it’s an observational 
study level three. So I think we should all agree that by lifting to a level one, 
which would be a lot of work, we could convince each other what we have to do. 
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Introduction 

Adhesions can be defined as fibro-collageneous tissue loops within the abdominal 
cavity. They can develop between all organs and/or to the abdominal wall and can 
lead to long-lasting complications such as intestinal obstruction, strangulation and 
fistula formation. They are the most common reason for an ileus and are responsi- 
ble for this in over 50% [34]. 

The investigation of adhesions and their induced complications are encountered 
with the following difficulties: 

• Adhesions have no definite time dynamic. 

• Adhesions don not necessarily lead to complications. 

• The amount of adhesions shows no correlation to the dimension of complicati- 
ons. 

This explains why all efforts to score and objectify adhesions must be viewed with 
caution, since there are still too many question marks behind the pathogenesis and 
clinical outcome of adhesion formation. 

Another problem is the great variety of different procedures to measure the 
amount and degree of adhesion formation. The area of adhesion usually is esti- 
mated and the percentages are scored in different grades. 

Another parameter is the tenacity of the adhesions, the strength needed to tear 
the adhesions apart. Again, this is usually done by estimation by the investigator 
and scored in different grades. To distinguish the type of adhesion, a histological 
parameter can be added to investigate the development of small or larger vessel in 
the adhesive tissue. Depending on the site of investigation, this might also vary to 
some extent. 

For a more objective comparison of adhesion investigation, different scores 
have been introduced, combining the different parameters mentioned above, 
e.g. the Surgical Membrane Study Group Score (Table 1) [33]. Still, caution must 
be taken, since the extent of site involvement is usually done by estimation, the 
histological findings depend on the site examined, and last but not least, the ten- 
acity is in most cases a non-standardized procedure done without a tensio- 
meter. 

For future investigation a more objective score would be desirable and helpful 
to compare the results of different studies. 
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Table 1. Adhesion score of the Surgical Membrane Study Group [33] 



Adhesion characteristics 




Score 


Extent of site involvement 


None 


0 




<25% 


1 




<50% 


2 




<75% 


3 




<100% 


4 


Type 


None 


0 




Filmy, translucent, avascular 


1 




Opaque, translucent, avascular 


2 




Opaque, capillaries present 


3 




Opaque, larger vessels present 


4 


Tenacity 


None 


0 




Adhesions fall apart 


1 




Adhesions lysed with traction 


2 




Adhesions requiring sharp dissection 


3 


Total 




11 



Adhesiogenesis 

In 1997 Bendavid summarized the pathophysiological mechanism of adhesion 
formation in the presence of biomaterial: adhesions are consequent upon a fibrin 
exsudate that follows trauma. The fibrin clots form temporary adhesions which 
last until the fibrinolytic system through a plasminogen activator absorbs the fib- 
rin. This absorption is delayed by inflammation, ischemia and foreign bodies. The 
delay allows the fibrin clots to be invaded by fibroblasts, macrophages and new blood 
vessels thus allowing a maturation of a fibrin clot into tissular adhesions (Fig. 1) [9]. 
All this development is triggered on a molecular level with the help of inflammatory 
cytokines (TNF, IL-1 and IL-6) and different plasminogen inhibitors and activators. 

TRAUMA 
-CU 

FIBRIN EXSUDATION 

-a 

TEMPORARY ADHESIONS 
JIL 

INFLAMMATION - ISCHEMIA - FOREIGN BODY 

DELAY OF THE FIBRINOLYTIC SYSTEM 

INVASION OF FIBROBLASTS & MACROPHAGES 

J3L 

DENSE ADHESIONS 



Fig. 1 . Pathogenesis of 
adhesion formation 
[9] 
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Meshes in Hernia Repair 

The idea of prosthetic repair of the abdominal wall was raised already over 100 
years ago, when Phleps described a new operation technique for inguinal hernia, 
using silver wire coils for reinforcement of the inguinal canal [28]. Meshes made 
of tantalum or stainless steel followed and were successfully implanted until the 
eighties of last century. The modern era of synthetic biomaterials made the deve- 
lopment of new non-metallic prostheses possible. Meshes were constructed of 
nylon, silastic, polytetrafluorerhylene and carbon fibres. Since the 1960smacropha- 
ges and new blood vessels thus allowing a maturation of a fibrin clot into tissular 
adhesions (Fig. 1) [9]. All this development is triggered on a molecular level with 
the help of inflammatory cytokines (TNF, IL-1 and lL-6) and different plasminogen 
inhibitors and activators, meshes made of polyester or polypropylene have become 
the most popular prostheses. 

Today the number of available synthetic meshes rivals the number of different 
techniques in hernia repair. Until now, none of them seems to be able to combine 
the advantages of each mesh. 

Especially in hernias with large defects or for laparoscopic procedures the fac- 
tor of adhesion formation to the intestine has become more important. 

A rising number of case reports addressing adhesion and fistula formation as 
a complication after polypropylene mesh implantation with direct contact to the 
intestine have led to the recommendation to avoid this material in the intraabdo- 
minal position. The main advantage of this material is a good fibrocollageneous 
ingrowth. Although there are many different polypropylene meshes available today, 
differing in pore size, weight and structure, the prejudice of fistula potential is still 
associated with this material. 

Expanded polytetrafluorethylene, on the other hand, has been promoted as the 
ideal intraabdominal mesh prostheses for its antiadhesive potential. Today, this 
is the most common material used for laparoscopic ventral hernia repair. The 
prostheses made of ePTFE do not show a typical mesh structure, they are more 
like a foil. This might explain why they lack fibrocollageneous ingrowth, making 
a life-long fixation necessary, show no elasticity and are more prone to infection. 

Already in 1952 Cumberland [12] and Scales [30] pointed out the criteria for 
an ideal prosthesis: 

• biocompatibility, 

• chemical stability, 

• sufficient tensile strength, 

• easy handling and production, 

• no foreign body reaction, 

• sterilizable material. 

This list is still relevant to today and should be completed with the following. 

An ideal prosthesis should not induce intraabdominal adhesions but at the same 
time should firmly incorporate into the abdominal wall. 
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Barriers, Composite or Coated Meshes 

To achieve a solution to the problem of adhesion formation when mesh material 
is involved three different ideas have been followed with the common interest of 
promoting the tissue ingrowth on the parietal side and minimizing the adhesion 
formation on the visceral side. 

The idea is the use of some kind of barriers involving the physicochemical pre- 
treatment of prosthesis with the aim of creating an interface between the biomate- 
rial and the area of contact. This is based on the hypothesis that while the bioab- 
sorbable layer is absorbed, a layer of mesothelium would cover the non-absorbable 
mesh and prevent intestinal adhesion. This was first studied by Loury and Chevrel 
in 1982, when they placed a polyglactin mesh between the mesh and the intestine 
[23]. Since that first study many different bioabsorbable materials have been intro- 
duced to reduce the adhesive potential (Table 2). 

The second idea was the construction of a composite mesh made of several com- 
ponents. The mesh side that is opposite to the abdominal wall allows fibrocolla- 
geneous ingrowth for sufficient fixation and the side facing the intestine is made of 
antiadhesive biomaterial which is designed to attenuate the adhesion-formation 
process (see Table 2). 

Table 2. Collection of different biomaterials to reduce the adhesive potential 

Bioabsorbable barriers 

Polyglactin 910 [23] 

Polyglycolic acid [6,25] 

Gelatin film [21] 

Collagen [29] 

Interceed [26] 

Phosphatidylcholine [8] 

Hyaluronate sodium [22, 27, 35] 

Hyaluronate sodium/CMC [3, 4, 5, 10, 16, 20, 24, 32] 
Icodextrin [35] 

Amniotic membrane [32] 

Fibrin glue [14] 

Poloxamer [26] 

Composite meshes 

Polyester and Silastic [21 ] 

Polypropylene and ePTFE [7,9, 10, 18] 

Polypropylene and Polyurethane [ 1, 2, 36] 

Polypropylene and Polyglactin 910 [13] 

Polyester and Polyurethane [17] 

Polypropylene and Collagen-glycosaminoglycan [11] 
Polyethylene Terephtalate and Polyurethane [31 

Coated meshes 

Polypropylene and HA/CMC (Sepramesh) [ 18] 

Polyester and HA/CMC (Parietex) [35] 

Polyester and hydrophilic membrane (Sofradim) [ 15] 
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The third idea is a combination of the first two mentioned above, by coating the 
non-resorbable mesh with absorbable material (see Table 2). 

Despite all efforts, all studies have demonstrated that absorbable barriers, com- 
posite and coated meshes can reduce the quantity and grade of adhesions, but with- 
out eliminating adhesion formation completely. 



Problem of Investigation (Apples and Peaches) 

Most investigations concerning the adhesive potential of biomaterials are com- 
parative studies comparing different meshes, usually a common mesh with a new 
modification. The main problem of these studies is the number of different para- 
meters involved. Usually they differ in material, pore size, filament and weight. 
Beside the changes of the material one can find different implantation sites and 
techniques, using different scores and parameters in different animal models. It is 
the so called problem of comparison of apples with peaches that makes a final jud- 
gement so difficult. 

In the literature most studies use an experimental model in rats or rabbits, crea- 
ting a full-thickness wall defect and closing the defect by mesh in the inlay techni- 
que (Fig. 2a). In this way the mesh has direct contact with the intestine on the inner 
side and is covered only by skin on the outer side. This does not mirror the surgical 
situation in human. Other techniques inspired by the preperitoneal approach place 




Fig.2a-c. Different mesh- 
implantation sites, a 
inlay, b preperitoneal, 
c intraperitoneal. 1 epi- 
dermis and subcuta- 
neous tissue, 2 muscle, 

3 peritoneum, 4 mesh 
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the mesh under the peritoneum to prevent direct contact to the intestine (Fig. 2b). 
This procedure leads also to traumatization of the thin peritoneum that might cause 
ischemia and inflammation [19]. 

Considering the multifactorial pathogenesis of adhesion formation mentioned 
above, the main aim was the development of an experimental model where the ope- 
rative trauma is reduced to a minimum to investigate the adhesive potential of bio- 
materials caused exclusively by the material. 



IPOM Model in the Rabbit 

To address the problem of operative trauma, we have chosen a laparoscopic mesh 
implantation in the rabbit. The abdominal cavity is wide enough to place a mesh of 
reasonable size onto the peritoneum. In comparison to smaller animals, the size of the 
intestine is sufficient not to cause strangulation in larger-pore-sized meshes. By lapa- 
roscopic implantation onto the peritoneum and fixation with only a few endostap- 
lers at the corners most other adhesiogenetic factors can be reduced, so that the 
adhesive potential of biomaterials can be investigated (Fig. 2c). This technique corre- 
sponds with the established laparoscopic repair of incisional hernias in human. 

In our first study we investigated the adhesive potential of three polypropy- 
lene meshes, differing in pore size and weight in the intraabdominal position of 
the rabbit (Fig. 3). Additionally, we also implanted a large porous, light-weight 




Fig. 3. EM pictures of three polypropylene Mes- 
hes with different pore size of 0.6, 2.5 and 4 mm 





234 VI Mesh-Related Complications: Exception or the Rule? - Impact of Technique and Material 



1400 



1200 



1000 



800 



600 



400 



200 




□ 7 days 



1 90 days 






PP0.6 PP2.6 

Fig. 4. Results of planimetry in mm^ 



PP4.0 PP&PG4.0 



composite mesh with polypropylene and polyglactin 910. Follow-up investigati- 
ons were performed on day 7 and day 90 after implantation. Macroscopic evalua- 
tion was achieved by laparoscopy. After sacrification of the animals a laparotomy 
and a quantitive assessment of adhesion was done by computer-assisted planime- 
try. Afterwards the specimens were taken for histological investigation. 

The results of the planimetry (Fig. 4) show a significant increase of adhesion 
formation after 7 and 90 days when heavy-weight, small-pore polypropylene mes- 
hes are implanted. Between the middle- and large-pore polypropylene meshes there 
are no significant differences. The addition of polyglactin 910 fibres to the large 
porous, light-weight mesh resulted in a more extensive adhesion formation after 
7 days, but no significant differences at 90 days. This corresponds to the histolo- 
gical results. We found an extensive foreign-body reaction with a high correlation 
to the weight and structure of polypropylene mesh. 



Conclusion 

Despite considerable research no ideal intraperitoneal prosthetic material has yet 
been identified. All materials have adhesiogenic potential to some extent. Our results 
suggest that the adhesive potential of polypropylene depends on the mesh struc- 
ture and weight, and not on the material by itself. Until now, no material has all 
the features required. Some have the ideal technical properties with an adequate 
tensile strength and elasticity but are associated with a higher adhesive potential, 
others have a reduced adhesive potential but lack the technical requirements. 

Further development of new meshes and their investigation in the intraperito- 
neal position are needed. 
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Discussion 



LeBlanc: I think I have reoperated on many patients laparoscopically and these 
patients themselves show big differences, because I operate on many patients 
having had the same operation with or without mesh and some had severe adhe- 
sions and some haven’t. So I think this has never been really investigated at all 
and there is need for a lot of future investigation. 

Conze: I absolutely agree, there must be something else, because there is no nor- 
mal distribution. I talked to Dr. Franklin and he uses polypropylene-mesh intra- 
abdominally and he says if he does a reoperation he sees some patients with and 
some without adhesions. I agree there is no explanation for it. 

Simmermacher: I would like to comment on three points: first the relevance of the 
investigation. How do you know if a certain adhesion will cause a problem, and 
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which problem? Second: you showed on one slide that there is a dynamic in the 
adhesion itself; in the beginning it might be much more frightening than after 
90 days, because some are resorbed and some are not. The third point is the inve- 
stigation done by Panes in Belgium, who even showed adhesions to the area where 
preperitoneal mesh has been placed, just due to a damage to the peritoneum. 

Conze: The damage of the peritoneum really needs to be investigated. Concerning 
the dynamic of adhesions nobody knows. There are some studies done on conti- 
nuous laparoscopy on rats to see the dynamic of adhesion formation and he said 
after 7 days there is no more dynamic. He found that after that the adhesions, if 
they have formed, stay. 

Ojfner: Also the mesothelial is an epithelium cell layer to be regarded as very 
strong; it is a very sensible cell. For example, when you produce mesothelial cul- 
tures you take them out of the incubator and within a few seconds the cells start 
to retract, which gives a potential adhesive surface. 

Amid: How long was the time between the implantation and the observation for 
adhesions? 

Conze: 90 days. 

Amid: I am glad that I asked this question, because a lot of studies about adhesi- 
ons sacrifice the animals between 3 or 4 weeks after the operation and 1 think this 
observation is not long enough. I think 3 months is quite correct. 

Gilbert: Relative to your presentation, which was excellent, and relative to some 
comment about having more randomized controlled trials, in the last couple of 
years, reading the literature I think the profoundest article that I read was by Jonat- 
han Meakans from Montreal; he makes the clear distinction that in surgery every 
case is a new case and to do randomed controlled studies, you actually having a diffe- 
rent surgeon, doing a different case, with a little different procedure each day. That is 
different to the medical men, if they say here is a blue pill which can be acting and 
another pill that looks alike but is a placebo. A controlled study being done in that 
way is much more accurate. What I see happening in surgery is that in vitro studies 
are much more scientific than our in vivo studies, and we keep asking for randomi- 
zed controlled studies when in reality if s like chasing a cloud, you are trying to grab 
something that is never going to be perfect. There will be always questions at the 
end of these randomized controlled trials, because we are all a little different. 

Schumpelick: How do you explain that the big pores of a mesh do not cause so 
many adhesions? 

Conze: We have seen by the studies of Klosterhalfen that the foreign-body response 
is the key point. So we see a correlation between the granuloma reaction of the 
different meshes and the adhesion formation. 
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Schumpelick: Isn’t this a question of mesothelial overgrowth of the mesh? 

Conze: It is, definitely. If you have the big pores you have the interface with fatty 
tissue which allows a better overgrowth. 

Franklin: I probably have the greatest experience of putting polypropylene mesh 
as an IPOM technique into the abdominal cavity without coverage in the world, 
now over 1300 cases followed over 12 years. I can tell you that some of these patients 
do have adhesions, and if you have adhesions at the time of surgery, they will 
come back. The important point is that in the abdomen, handling the tissue well 
when you put a surgipro mesh in. We looked at 28 of these patients in detail again, 
one third had absolutely no adhesions and you cannot see the mesh unless you 
know it is there. So we know that we have excellent peritoneal owergrowth of that 
meshes. One third has very benign adhesions which just fall off when you touch 
them. One third of the patients had severe adhesions, and these patients also had 
adhesions when we operated on them the first time. So my conclusion is that poly- 
propylene does not prevent adhesions; however, in these 1300 patients whom I fol- 
lowed I had only one Gl-tract complication. 
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Introduction 

Inguinal hernia repair using the preperitoneal or onlay implantation of a polypro- 
pylene mesh is considered routine. With this procedure, low recurrence and com- 
plication rates, as well as rapid recovery of the patient, are achieved. On the other 
hand, the nonabsorbable mesh causes chronic inflammatory changes in the groin, 
which may lead to chronic pain [1] or dislocation of the mesh and organ erosion [2]. 
Due to the close contact between mesh and spermatic cord, these interactions may 
also influence the structures of the inguinal canal. Case reports have been publis- 
hed of spermatic granulomas [9] and spermatoceles [3] after Lichtenstein mesh 
implantation. Especially after mesh implantation in younger patients, these findings 
may be of great importance. In the animal experimental models of the pig and the 
rabbit we investigated the interaction between mesh and the adjacent spermatic 
cord concerning the extent of inflammatory changes and their relation to the used 
mesh, the integrity of the deferens duct, and the influence on the testicular func- 
tion. 



Transinguinal Preperitoneal Mesh Prosthesis in the Pig 

Materials and Methods 

Fifteen uncastrated adult male pigs underwent a unilateral transinguinal preperi- 
toneal implantation of a polypropylene mesh following the technique described by 
Schumpelick and Arlt [7]. After identification of the inguinal ligament, the ingui- 
nal canal was opened by dividing the external oblique fascia. We resected the cre- 
masteric muscle and secured the spermatic cord by a loop. Then the transversal 
fascia was divided thereby creating a hernial defect. The Marlex mesh (C. R. Bard 
Inc, Cranston, USA) was tailored to an appropriate size of 10 x 15 cms with a late- 
ral slash of 4 cm to allow the cord to pass through. After placement of the mesh into 
the preperitoneal space, it was sutured to Cooper’s ligament, laterally to the ingui- 
nal ligament and medially to the internal oblique abdominal musculature to pre- 
vent migration using interrupted sutures (Miralene 0 HRT 26, Braun-Dexon). Then 
we closed the slash of the mesh again using two interrupted Miralene sutures. The 
floor of the inguinal canal was enforced by a Shouldice plasty, thereby limiting the 
contact between mesh and spermatic cord to the deep inguinal ring. Then the sper- 
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matic cord was placed on top of the repair in its normal anatomical position. The 
external oblique aponeurosis was closed with a running suture (Miralene 0 HRT 26, 
Braun-Dexon) recreating the superficial inguinal ring. Readaptation of the subcuta- 
neous tissue and skin closure terminated the operation. 

Afterwards the contralateral inguinal region was prepared. Here a simple Shoul- 
dice plasty using Miralene sutures (Miralene 0 HRT 26, Braun-Dexon) was perfor- 
med following the same extensive preparation. Hereby every animal served as its 
own control. 

After 7, 14, 21, 28, and 35 days, three animals were sacrificed. The spermatic 
cords were dissected off the floor of the canal. They were excised including the 
deep inguinal ring. Representative cross sections were obtained at this area and 
analyzed histologically using hematoxylin and eosin stains. 



Results 

All animals recovered soon from the operation and had an uneventful postopera- 
tive course. At the time of explantation of the spermatic cord, the deep inguinal 
ring was macroscopically swollen and thick after mesh implantation. The histolo- 
gical examination of the spermatic cord close to the deep inguinal ring revealed a 
certain foreign-body reaction at the side of mesh implantation with progression 
over the time. We observed typical foreign body giant cells and a granuloma body 
of mature epitheloid cell macrophages at the interface between mesh fibers and 




Fig. 1 . Inflammatory response of the spermatic cord 28 days after mesh implantation with throm- 
bosis of the spermatic veins (right) and fibrinoid necrosis of the deferens duct (left) in the pig. 
(H.-l-E. stains, 40x) 
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Fig. 2. Specimen of the spermatic cord 5 weeks after Shouldice repair serving as a control in the 
pig. Only minor postoperative changes are presented. The wall of the ductus deferens is vital. 
(H.+E. stains, lOOx) 



host tissue. Moreover, we saw a diffuse infiltration of inflammatory cells in all these 
cases, in particular polymorphous nuclear granulocytes. Obviously, this infiltra- 
tion started at the interface between mesh and spermatic cord. Over time it deve- 
loped towards the deferens duct. The outer zone consisted of smaller amounts of 
T-cells and a connective tissue capsula rich in collagen fibers in all animals. Five 
of 15 specimens presented as venous thrombosis of the veins of the spermatic cord 
due to a secondary vasculitis. Older, partly organized thrombi of the clotting type 
could be observed (Fig. 1). The development of these changes did not depend on 
the postoperative time and occurred after 14 days, 21 days (two cases), 28 days, and 
35 days. Additionally, one animal showed focal fibrinoid necrosis of the wall of the 
deferens duct following mesh implantation (Fig. 1). The side of Shouldice repair 
presented only minor postoperative changes, especially no venous thrombosis of 
the spermatic cord or affection of the ductus deferens wall (Fig. 2) 



Lichtenstein Repair in the Rabbit 

Materials and Methods 

Six Chinchilla rabbits underwent unilateral inguinal hernia repair following the 
Lichtenstein principle. Three rabbits received implantation of a Marlex® mesh (C.R. 
Bard Inc, Cranston, USA), the other three rabbits received a Mopro mesh, which 
represents a combination of a polypropylene mesh covered by a layer of absorbable 
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monocryl. Shouldice repair was carried out at the contralateral side. Another three 
rabbits served as control. 

Under aseptic conditions the inguinal canal was opened by dividing the external 
oblique fascia and the spermatic cord secured by a loop. We preserved the crema- 
steric muscle. The Lichtenstein repair was performed with fixation of the mesh at 
the inguinal ligament and the internal oblique muscle using interrupted stitches 
of Miralene sutures (Miralene 0 HRT 26, Braun-Dexon). The lateral end of the mesh 
was slit into two tails and closed against the lateral aspect of the internal inguinal 
ring using Miralene sutures. 

The Shouldice repair of the contralateral side was performed as described above. 

Three months later evaluation of the testicular changes followed. The volume 
of the testicles was measured by ultrasound and calculated using the formula of a 
rotating ellipsoid [6]. 

Testicular temperature was evaluated by a digital thermometer (Voltcraft 300 k) 
with needle sensor. 

Arterial perfusion of the spermatic cord and the testicles was investigated by 
using the IC-VIEW system (PULSION Medical Systems AG, Munich, Germany). A 
bolus of indocyanin green (ICG, 0.5 mg/kg) was injected intravenously. Excita- 
tion light was provided by an IC-VIEW camera mounted near infrared light source 
(780 nm, NIR light). ICG-derived fluorescence was detected by a digital camera 
using the super nightshot mode and transferred to a computer for further quan- 
tification of perfusion-related fluorescence intensity (IC-CALC). We calculated the 
difference between the intensity before and the maximum intensity after injection 
as an index for the maximum perfusion. This parameter was recorded at the sper- 
matic cord and at the testicles. 

Spermatogenesis as the main testicular function was estimated histologically 
using the Johnsen Score (Table 1). 

The spermatic cords were excised including the deep inguinal ring. Represen- 
tative cross-sections were obtained at this area and analyzed histologically using 
hematoxylin and eosin stains with focus on the inflammatory response on the 
prosthetic mesh. 

Table 1. Johnsen score for qualitative evaluation of spermatogenesis 

1 No cells in tubular section 

2 No germs but Sertoli cells are present 

3 Spermatogonia are the only germ cells present 

4 Only few spermatocytes (< 5) and no spermatids or spermatozoa present 

5 No spermatozoa, no spermatids but several or many spermatocytes present 

6 No spermatozoa and only few spermatids (< 5-10) present 

7 No spermatozoa but many spermatids present 

8 Only few spermatozoa (< 5-10) present in section 

9 Many spermatozoa present but germinal epithelium disorganized with marked 
sloughing or obliteration of lumen 

10 Complete spermatogenesis with many spermatozoa (late spermatids) 
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Results 

Testicular volume increased postoperatively (Table 2). We observed no difference 
between the different kinds of repair. 



Table 2. volume 3 months after inguinal hernia repair 



Volume (mean + SD.ml) 


Shouldice 


3.3 + 0.3 




Lichtenstein (Marlex) 


3.3 + 0.5 




Lichtenstein (Mopro) 


3.2 + 0.6 




Control 


2.9 + 0.3 





Testicular temperature was lower after operation compared to the controls (Table 3). 
Here also the differences among the operations were very small. 



Table 3. Testicular temperature 3 months after inguinal hernia repair 



Temperature (mean -f- SD,®C) 


Shouldice 


31.63 + 0.3 


Lichtenstein (Marlex) 


31.01 +0.8 


Lichtenstein (Mopro) 


31.33 + 0.8 


(Control 


32.54 + 0.6 



Both changes may depend on arterial perfusion, which was reduced after any repair. 
This decrease was more obvious after Marlex mesh repair than after Shouldice 
operation concerning the perfusion of the spermatic cord (Table 4). Focusing on 
testicular perfusion we found no difference between both procedures. 



Table 4. Difference between the fluorescence intensity before and the maximum intensity after 
ICG injection 3 months after inguinal hernia repair 





Spermatic cord 
(mean + SD,au) 


Testicular 
(mean + SD, au) 


Shouldice 


83.08 + 10.8 


83.93 + 13.5 


Lichtenstein (Marlex) 


76.75 + 8.1 


86.34 + 11.5 


Lichtenstein (Mopro) 


82.75 + 15.6 


74.26+ 11.2 


Control 


97.07 + 22.8 


97.78+ 9.7 



Table 5. Rate of Johnsen 10 tubuli seminiferi 3 months after inguinal hernia repair 



Mean + SD 


Shouldice 


63.8 + 9.5 


Lichtenstein (Marlex) 


51.3 + 25.0 


Lichtenstein (Mopro) 


45.0+ 17.8 


Control 


65.8+ 15.3 
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Fig. 3. Inflammatory changes of the spermatic cord 3 months after Marlex® mesh implantation 
in the rabbit (H.+E. stains, lOOx) 

The evaluation of the spermatogenesis revealed a significant decrease of Johnsen 
10 score in tubuli seminiferi after Lichtenstein repair independent of the mesh used, 
while the testicles after Shouldice repair showed regular spermatogenesis (Table 5). 

The histological evaluation of the surrounding tissue presented the characteri- 
stic foreign-body reaction on the mesh (Fig. 3), which could not be detected after 
Shouldice repair. We observed no destruction of the ductus deferens wall and no 
venous thrombosis. Obviously, the structures of the spermatic cord were protected 
by the cremasteric muscle, which we had preserved in this model (Fig. 4). 



Discussion 

The effect of the long-term implantation of a mesh bioprosthesis during hernia 
repair on the surrounding soft tissue is under current discussion and investigation. 
A persisting inflammatory proliferative foreign-body reaction with increased cell 
turnover in the recipient tissues even years after implantation is described [4]. 
These major inflammatory responses to mesh implantation are mostly reported 
after incisional hernia repair, but also after bioprosthesis implantation during 
inguinal hernia operation. 

Similar changes have been found within the spermatic cord after mesh inguinal 
hernia repair in the animal model [9]. Here, the mentioned changes together with 
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Fig. 4. Protection of the deferent duct by the cremasteric muscle 3 months after Lichtenstein 
repair using a Marlex mesh in the rabbit (H.+E. stains, 40x) 



a fibrotic formation were observed after 6 to 12 months. We could show with our 
results that the inflammatory changes also appear during short-term observation 
of 1 to 5 weeks. 

Involvement of testicular veins is also already described in literature. LeBlanc 
found testicular venous congestion after mesh implantation in the pig [5]. Our 
results confirmed this observation. Moreover, we saw venous thrombosis within 
the spermatic cord. This observation has not been described in literature before. 
Perhaps this spermatic thrombosis represents the cause for the inflammatory chan- 
ges. More likely, however, is the explanation that the venous thrombosis is one of 
the results of the foreign-body reaction. Up till now, the clinical relevance of this 
observation was unclear. 

Therefore we conducted additional experimental investigations to unveil the 
effect of this inflammatory reaction on the testicular function. In the rabbit model 
we observed less prominent inflammatory changes. Perhaps this reduced reaction 
is due to the longer postoperative period. Despite this smaller morphological res- 
ponse we found a significant influence on testicular function. Perfusion and tem- 
perature of the testes were reduced in the postoperative phase independently of the 
kind of repair. Spermatogenesis, however, showed a certain reaction on the mesh 
implanted. The amount of regular spermatogenesis classified as Johnsen 10 was 
reduced in comparison to the Shouldice repair and the controls. These changes 
might by of no large clinical relevance in unilateral repair, but in bilateral cases 
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they must be put under consideration. The influence on humoral conditions will 
be topic of further investigations. 

One additional aspect is the protection of the structures of the spermatic cord 
by the cremasteric muscle. Our data show integration of the structures of the sper- 
matic cord into the inflammatory soft tissue response on the prosthetic mesh after 
cremasteric resection, as we performed it in the pig. The structures were protected 
from the inflammation, if the cremasteric muscle was spared, as we did it in the rab- 
bit model. 

Until more data are available, we see a narrow indication for mesh implantation 
during inguinal hernia repair in young patients. 
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Discussion 



Khelet: I think this is an excellent study done, but on the other hand if you present 
this, is probably not in the ultimate way. You had three animals and I don’t know 
if you have standard errors or mean, but you talk about decreases and increases 
and you can’t say anything about the significance. So I would be very cautious with 
the interpretation of these results. 

Peiper: I totally agree, the problem is that this is just a pilot study and we are going 
to do these studies with a larger number of animals. 

Kingsnorth: I do have major reservations on the basis of three animals, so we 
should’t take this as being significant jet. As far as I know, there is one publication 
from a male fertility clinic from Israel, and they had looked at patients who had 
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hernia repair in infancy and found that about 11% are going to a male infertility 
clinic. They had unilateral hernia repair and they got spermatic antibody as a result 
of some ischemic injury to the testis. So I think your next step should really be to 
go to a male fertility clinic to see if there are any patients turning up who once had 
mesh repair. 

Peiper: The problem is that most of the procedures are carried out unilaterally, so 
you would’t have any clinical evidence. 

Kingsnorth: No, that is not true, because you get sperm antibodies after ischemia 
and you become infertile even after unilateral repair. 

Schumpelick: Thousands of Lichtenstein repairs have been done, and there must be 
patients that died and could be analyzed concerning of their spermatic cord after 
the repair. Is there any study on that? 

Peiper: No study in the literature. 

Amid: There was a study done concerning the blood flow after Lichtenstein repair 
and there were no testicular changes. 

Montgomery: We have just conducted a similar study on 30 rats; we have three 
groups, one Vypro and one polypropylene for Lichtenstein repair, and one Shoul- 
dice group. We are using the contralateral side as a control. We measured the 
testosterone locally from the spermatic vein and we found no difference in these 
three groups; but we haven’t got a histology yet. It was a three-month follow up. 

Kukleta: One of the problems with the spermatic cord was one of the reasons for 
using unslitted laparoscopic meshes, because encircling and mobilizing the sper- 
matic cord could lead to harm to the spermatic cord. Not only by the mesh but by 
the scary tissue. So I use only onlay positions. 

Peiper: This is the problem of the mechanical damage if you slit it, but our investi- 
gation was about the inflammatory reaction to the cord. 

Franklin: That is one of the principles of proper laparoscopic repair not to dissect 
the spermatic cord and therefore not to damage it. So I think the main problem is 
ischemia and so you have to ask in those cases how much and too much dissection 
has been done. 

Peiper: We did a major dissection of the cord if in the Shouldice group as well as in 
the mesh group. So the results should be comparable. 




23 Complaints - 

Usual Complications of Meshes? 



A. Alani, PJ. O’Dwyer 



Introduction 

The most common complaints after groin hernia repair are chronic pain and 
numbness. 

Population-based studies indicate that almost one third of patients will com- 
plain of some form of pain 1 year after hernia repair [1-3]. This pain is severe in 
2-3% of patients. It is commonly perceived that the number of patients with chro- 
nic pain has increased and that this is directly related to the use of mesh. The aim 
of this study is to look at the outcome of patients who indicated that they had pain 
and/or numbness at 3 months postoperatively on a modified SF-36 Questionnaire 
[4] in a population-based study. 



Patients and Methods 

Between April 1998 and March 1999 data were gathered on all patients who under- 
went repair for groin hernia in the National Health Service in Scotland [3]. At a 
minimum of 3 months after operation all were sent a modified SF-36 [4]. Patients 
were asked whether they had suffered pain in the groin or in the testis on the same 
side as their hernia repair. They were also asked about numbness around the groin 
and thigh on the side of the hernia operation. All patients who reported severe or 
very severe pain were sent a further questionnaire in April 2001; 150 of the 1733 
who reported either mild or very mild pain and 150 of the 2204 who reported no 
pain were randomly selected and sent the same questionnaire in August 2002. In 
addition to the modified SF-36, they were asked about the character of their pain 
and received a Wisconsin brief pain questionnaire [5]. 



Results 

In the National Health Service in Scotland 5506 patients had a groin hernia repair 
in 1998; 89% had a mesh repair while 11% had a non-mesh repair. At 3 months 
postoperatively 4062 (74%) patients completed the SF-36 questionnaire; 50% repor- 
ted some form of pain at the site of their hernia repair while 874 (24.5%) of 3566 
had pain in the testis; 1733 (43%) reported the pain as mild or very mild pain while 
125 (3%) had severe or very severe pain. Of the 3653 that replied to the questionnaire 
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with a mesh repair, 1864 (51%) had pain compared to 194 (47.2%) of 41 1 that had 
a non-mesh repair, OR = 0.858 95% Cl 0.699-1.052 {p = 0.1415). 

Response to the second questionnaire was 94 of 144 (65%) for those that had 
no pain, 101 of 147 (68%) for those with mild pain and 86 of 120 (72%) for those 
with severe pain (14 patients had died or could not be contacted at the original 
address). The percentage of patients that still complained of pain between 2 V 2 and 
4 years later is shown in Table 1. The effect of pain on the patients’ daily activities 
and quality of life is shown on Table 2. The daily activity most commonly affected 
was work which included work outside the home and housework with 94 (88.6%) 
of the 106 patients that completed this section of the questionnaire reporting that 
pain interfered with this activity. 

1765 (45.1%) of 3912 reported some form of numbness in their groin while 641 
(16.4%) of 3906 reported thigh numbness at 3 months postoperatively. Numbness 
was reported significantly more often in those with pain, 67.4% versus 26.7% 
p < 0.0001. 



Table 1. Number of patients still with pain between 2V2 to 4 years after groin hernia repair 



Group 


N6ptin(94) 


Mild (101) 


Severe (86) 


Mild 


7 (7.4%) 


42 (41.2%) 


39 (45.6%) 


Severe 


1 (1.06%) 


5 (4.9%) 


22 (25.6%) 


Total 


8 (8.5%) 


47 (46.1%) 


61 (70.9%) 



Table 2. Effect of pain on quality of life 


Group 


No pain* (6) 




Sevefepdn*(60) 


Effect 


4 (66.6%) 


38 (88.4%) 


57 (95%) 


No effect 


2 (33.3%) 


5(11.6%) 


3(5%) 



“Reduced numbers for patients who did not complete this section of the questionnaire. 



The percentage of patients from each group with long term numbness and pain is 
shown in Table 3. Of the 171 patients in the three groups that had no pain long 
term, only 1 complained of numbness compared to 49 (42.6%) of the 115 that had 
pain {p = 0.0001). 



Table 3. Patients with pain and numbness 













Numbness 


3 (37.5%) 


28 (59.2%) 


18 (30%) 




No numbness 


5 (62.5%) 


19(41.8%) 


42 (70%) 





“One patient did not complete this section 












250 VI Mesh-Related Complications: Exception or the Rule? - Impact of Technique and Material 



Discussion 

This study confirms that pain is common after hernia repair and persists for 
many years. Previous studies have shown that this has a significant impact on the 
patients’ quality of life with those with severe pain almost becoming invalided by 
their pain [6]. Over 40% of patients with pain also have persisting numbness, sug- 
gesting that in this group of patients at least nerve division or injury may be impor- 
tant. 

When analyzing those that go on to get severe chronic pain, it is clear that the 
majority of patients come from those that have mild pain at 3 months. Almost 5% 
of the 1733 patients that had mild pain went on to get severe pain compared with 
1% of the 2204 that had no pain and 25% of the 125 that had severe pain. It is not 
clear however why some patients who are pain-free at 3 months go on to develop 
chronic pain or why a proportion of those with mild pain develop severe chronic 
pain. A possible explanation for the latter may be winding up of pain receptors by 
chronic stimulation of sensory nerves [7]. If this were to be the case, early thera- 
peutic intervention may be beneficial to these patients. 

One of the interesting aspects of patients with pain after hernia surgery is 
whether this is as a result of operation or had been present before operation. We 
know from a previous study [8] that patients with severe pain before hernia repair 
still have high pain scores after repair, indicating that hernia repair reduces rat- 
her than eliminates pain. Thus in some patients at least it is likely that their chronic 
pain is a result of having had a hernia rather than related to the hernia repair itself. 

The most robust data from randomized clinical trials we have on chronic pain 
after hernia repair comes from the EU Hernia Trialists Collaboration, where chro- 
nic pain after hernia repair was assessed in over 4000 patients [9]. Chronic pain was 
significantly less after mesh repair compared with that observed in tension-type 
non-mesh repairs (Odds ratio 0.36 95% Cl 0.29-0.46). Interestingly, chronic pain 
was also lower in patients with laparoscopic hernia repair. All this would seem to 
suggest that a painful hernia preoperatively and poor perioperative pain control 
are probably the most important factors in identifying those that will go on to get 
severe pain after repair. 

There is no evidence to support the contention that common events after hernia 
repair such as pain and numbness are in any way related to use of mesh. Further 
studies are required to determine if better preoperative dialogue with the patient 
regarding the potential for these problems, combined with earlier intervention 
for those that have a problem at 3 months, might reduce the frequency of chronic 
pain and numbness. 
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Discussion 



Simons: Did you study the differences between laparoscopically and open? 

O'Dwyer: We didn’t. Because the problem is, if you remember, that only 4% of our 
repairs are laparoscopic, so we are talking about very small numbers. 

Deysine: Everybody who has a scar - I have one in the hip - knows that you have 
some pain in that scar when the weather changes or you are doing too much. So 
what I want to say is that every kind of surgical incision will cause some amount 
of pain later on. Have you considered comparing this? 

O'Dwyer: We did a lot of randomized controlled trials, also to compare open to 
laparoscopic cholecystectomy and in colorectal surgery. The one thing that comes 
out is that there is just 3 or 4% of patients, no matter what you do to them, who 
are dissatisfied with what you do to them. That is a fact of life and these are the 
differences between humans. 

Kehlet: This was a very important contribution. I just want to add, if you look 
at the literature it is not 3-4%, it is 30-40% who have severe pain in the scar even 
after mastectomy or operations where you have nerves around. I could show sli- 
des on a 2000-patient study similar to the questionnaire done in the Danish data- 
base together with the Swedish hernia database. 

O'Dwyer: The main question in the form is if the patient would recommend the 
same operation to someone else. It is interesting that hernia repair is actually lower 
with about 75-80% than in, for example, cholecystectomy where about 95% of the 
people would recommend the same operation to someone else. 

Nyhus: This pain problem is escalating and I am very concerned about it, because 
I don’t remember in my practice a big deal about pain in my hernia patients. 
Recently, I was a member of a program in Hong Kong and I moderated a debate 
between open and laparoscopic surgery. I commented on open surgery and I just 
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asked what kind of open surgery they do and they said a plug procedure and I was 
rather surprised, but the point was that this man was from Harvard, one of the 
major system hospitals. I asked him: how can you do things like that with all that 
pain coming up; he said that is easy, I routinely cut the ilioinguinal and the iliohy- 
pogastric and the genitofemoral nerves. Could you imagine such a thing? I think 
we have to be very careful and it seems that pain escalates as a problem. We must 
not do procedures where we have to destroy such an important neural system! 

O'Dwyer: I suppose the most important thing is to look at it. I mean when I was 
growing up in training of hernia surgery and the people came back with pain, you 
looked at them and you examined and you found no recurrence and send them 
home, and that’s what happened. Because it was never documented, we all knew 
it happened, but we had no idea what the incidence was and we assumed it was 
very low. 

So there are some chronic pain patients, but there are also groups that are not 
chronic pain patients. So what happened to them during the operation? Is it the 
division of the nerves or the trauma to the nerves? Somebody uses a great retrac- 
tor and pulls the nerves. My view is if it gets in the way I cut the ileoinguinal nerve. 
As you know, you only see it 70% of the time; those people who stand up and say 
they see it all the time, of course, you don’t, and you only see the ileohypogastric a 
small percentage of the time. The nerve you see most often is the genital branch of 
the genitofemoral nerve if you look at it, because it is pretty constant. The other 
nerves are not constant. So you will never get an answer by comparing nerve cut- 
ting and nerve preservation. 

Deysine: Actually I followed the advice of Dr. Bendavid, when I had divided ner- 
ves in the way of my repair, and the result is excellent. The patients don’t complain 
about it, they have a little bit of numbness and they go home with minimal pain. 

Kehlet: We have done a large prospective questionnaire study within the Swedish 
and the Danish database and we selected only younger men undergoing a primary 
hernia repair, because it has been shown that this is the population at highest risk 
of developing chronic inguinal pain. There were 2600 patients with an 81% res- 
ponse rate and we had 1250 Lichtensteins and a similar amount of suture repair. 
Average follow up was 2 V 2 years. 

They were also asked: did you have any pain during the last month? There was 
a significant difference between Lichtenstein and Shouldice with higher in Lichten- 
stein, but this was because the observation period was a little shorter with Lich- 
tenstein than the others; but really the essence of all the questions is that of those 
patients reporting pain within the last months, 55% of them had some interference 
with social activity when they were driving a car or playing tennis or whatever. 
So it is a problem which interferes with daily life; 11% of the patients with pain 
reported they had more pain than before the operation; 4% had moderate to severe 
pain combined with frequent or constant pain. These are the really severe ones; 
and 4% is a lot if you accumulate all the hernias we are operating on. There was no 
difference in the type of repair and the chronic pain problem. Even in the compa- 
rison of Lichtenstein to a Marcy repair, there was no difference. So it would be very 
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interesting to look at the pathogenesis of this problem. The chronic pain complaints 
decrease over the course of time, and again there was no difference between the 
groups. 

Schumpelick: I have arranged until now three Suvretta meetings. In the first mee- 
ting pain was the main topic. The Americans said we cut all nerves and then we 
have no pain, the Europeans said we preserve the nerves carefully and we have no 
pain. One meeting later it had changed, the Americans preserved the nerves and 
we cut the nerves. Now at the third meeting we have no more pain problems. 
Whatever we do, we do not see any pain any more? Is it just a question of personal 
problems of the patients? Is that the truth? Or is it only a statistical problem? I 
have the impression that as far you look, the bigger the groups, the less you see the 
details. So what is the message now? Whatever we do, it doesn’t matter: some have 
pain, some don’t. Is that the right way? 

Bendavid: I would like to report on a series of probably more then 300000 with a 
technique that hasn’t changed in 50 years, as you very well know. I am personally 
overwhelmed by these figures because we don’t see that kind of a problem. Perhaps 
you go looking for it; our routine is to operate on patients, they do come back and 
there has never been such a problem. At first we decide that pain becomes chronic 
a year or later. I picked up a series of 100 patients we called chronic pain and I very 
carefully examined the charts; one thing became quite evident, 90% of those who 
had pain constantly had in their charts that the nerves has been preserved very 
carefully during the surgery. I divide them routinely, but you can have pain with 
both, dividing and not dividing the nerves. But this extent of postoperative pain I 
have never seen. 

Amid: The pain is not really escalating, it is not going up. The reason is that atten- 
tion has been shifted from recurrence to pain. One thing about ileohypogastric 
nerve: if you dissect the external oblique from the internal oblique more than 95% 
of the time you do see the ileohypogastric nerve. 




24 Foreign-Body Carcinogenesis 
of Surgical Meshes 

B. Klosterhalfen, U. Klinge, K. Junge, R. Rosch 



Introduction 

Foreign-body-related carcinogenesis is controversially discussed in biomaterial 
research. Malignancies after implantation of a huge variety of foreign bodies are 
well described in rodent animal models. In these models nonporous or microporous 
materials induce sarcoma-like tumors after an average implantation interval of 
1.5 to 2 years. In this, the chemical composition of the implanted materials plays a 
rather minor role, the decisive factor is porosity. Basic work on this field has been 
performed by Oppenheimer [1-3] since the late 1940s and later by the group of 
Brand [4-8]. 

However, malignancies after implantation of foreign bodies in humans have 
been observed sporadically and therefore are documented only in a small series of 
case reports. The neoplastic lesions have mainly been reported after the implanta- 
tion of vascular grafts with latencies of up to 20 or 30 years. 

Malignancies after implantation of surgical meshes have not been reported 
in literature since their first description and clinical introduction by Usher in 
1958 [9]. Nevertheless, the increasing number of mesh implantations in hernia 
repair worldwide, and particularly its use in increasingly younger patients with 
expected implantation intervals of over 50 years require an enhanced level of 
product safety. Meanwhile more than 1 million meshes are used for hernia repair 
each year. Thus, there is a high chance for malignant tumor development in 
contact with meshes. Whether such a tumor development is specifically associa- 
ted with surgical meshes and whether the experimental observations in rodent 
animal models can be transferred to the human situation have to be investiga- 
ted. 

The objective of the present study was to evaluate the tumor-forming capacity 
of different surgical meshes in a standardized rodent animal model in comparison 
to two positive controls. Hereby, the time-dependent tumor development, the pre- 
cursor lesions as well as the malignant potential, has been of special interest. Two 
independent, senior surgical pathologists experienced in mesh pathology investi- 
gated the rodent tumors and finally compared the results of the animal model with 
findings of our unique postretrieval study with more than 400 long-term implanted 
meshes on record. 
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Materials and Methods 

Experimental animals: 180 male Wistar rats (250-300 g) were studied. The ani- 
mals were housed under conditions of constant light and temperature and recei- 
ved a complete diet of rat feed ad libidum throughout the entire study, which 
was performed according to the rules of the Deutsche Tierschutzgesetz (AZ 
23.203.2 AC 18, 17/94) and to the NIH guidelines for the use of laboratory ani- 
mals. 

The animals were randomly divided into six groups. The four test groups (each 
n = 30 animals) received two specimens (each n = 60 specimens) of one of the fol- 
lowing surgical meshes: Marlex [Bard, UK; polypropylene (PP), heavy-weight], 
Prolene (Ethicon, Germany; PP, heavy-weight), Mersilene (Ethicon, Germany; 
polyethylene-terephthalate (PET), low-weight) and Vypro [Ethicon, Germany; 
PP + polyglactin PG910, low- weight]. Both positive control groups (each n = 30) 
received microporous PP-foils with or without PPF with an additional carcinogen 
(PPF+C). 



Surgical Procedure 

Anesthesia was achieved with a mixture of ketamine hydrochloride [80 mg/kg int- 
raperitoneal (i.p.)] and xylazine (8 mg/kg i.p.). The skin was shaved and disinfected 
with Betaisodona solution. After midline incision, two specimens of each material 
(1x1 cm) were placed in the subcutaneous space at each side of the abdomen. Skin 
closure was finally obtained with 3/0 silk continuous sutures. No antibiotic treat- 
ment was given before or during the experiments. 



Observation Periods 

From each test and control group (each n = 30) one animal was killed at month 1, 
3, 6, 9, 12, 18, 24 and 36 after implantation of the meshes and control PP foils. The 
remaining animals of each group (each n = 22) were terminated in the spontaneous 
course due to morbidity or macroscopic tumor development. Throughout the whole 
observation period all animals of each group underwent daily examination for local 
and systemic (wound) complications. 



Autopsy and Morphological Study 

All animals underwent a detailed autopsy. Tissue samples were collected from each 
organ, as well as from each region of interest due to the macroscopical findings. 
Special attention was drawn to all tumor suspect lesions. 

Finally, all tissue specimens were studied by light microscopy (LM). For LM tis- 
sue samples were fixed in 10% formalin, embedded in paraffin, and sections were 
stained with hematoxylin and eosin (H&E), as well as periodic acid Schiff (PAS) 
plus diastase and Elastica van Gieson (EvG). 
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Results 

The main results are summarized in Table 1. Macroscopically, in particular the 
group PPF+C indicated tumor growth in the interface of the foil in eight animals 
(8/60 = 13.3%). In both the PPF-, Marlex and Prolene group two macroscopical 
tumors were detected (2/60 = 3.3%), whereas in the Mersilene and Vyprol group 
no tumor development was found. 

Microscopically, all tumors with the exception of one could be confirmed. The 
one exception was found in the Prolene group: macroscopically, the lesion impres- 
sed as soft and fleshy, but microscopically, only a major chronic inflammatory soft 
tissue reaction with ulceration of the skin could be detected. 

Moreover, spontaneous tumor development independently of the implanted 
materials could be sporadically observed in all groups. In most cases the tumors 
were found in liver and lungs. 

Macroscopically, the lesions mostly consisted of firm and well-circumscribed 
nodules with diameters from 5 mm up to 6 cm (Fig. la-d). The cutting surface 
indicated a homogeneous gray-yellow, sometimes cystic, aspect. 



Table 1. Main results of the study. Note that tumor development and nuclear atypia depend on 
the amount of material, the pore size, and the inflammatory infiltrate. The study was not able 
to prove the malignant character of the tumor-like lesions (TLL); an infiltrative growth pat- 
tern as well as distant metastasis are missing. Macro = macroscopical findings of TLL; Micro = 
microscopical findings of TLL; Spontan: = spontaneous tumor development, not associated 
with mesh; Inf. + Met. = infiltrative growth pattern and distant metastasis; Atypia = nuclear 
atypia; IF = inflammatory infiltrate in the interface mesh/recipient tissues 



Type 


PPPfC 


PPF 


Maries 


Prolene 


MenOene 


vypioi 


Macro 


8 


2 


2 


2 


0 


0 


Micro 


8 


2 


2 


1 


0 


0 


Spontan. 


3 


1 


3 


2 


2 


3 


Inf. Met. 


- 


- 


- 


- 


- 


- 


Atypia 


+++ 




++ 


(+) 


- 


- 


IF 


+++ 


++ 


++ 


++ 


+ 


+ 


Weight (g) 


155 


155 


95 


108 


39 


27 


Pores (pm) 


<30 


<30 


<600 


>1000 


>600 


>3000 



Microscopically, the tumors revealed a broad spectrum of histological types, 
resembling fibrosarcomas or sarcomas with multinucleated giant cells or hetero- 
topic ossification (Fig. 2a-d). A striking finding of the study is the variability of 
cytological nuclear atypia, a phenomenon that seems to correlate with the surface 
area and the pore size of each mesh (see Table 1). Looking at the whole spectrum 
of nuclear changes, extreme pleomorphic and hyperchromatic nuclear alterations 
could be observed, as well as lesions without nuclear atypia (Fig. 2e, f). 

Another important observation of the study is that the degree of nuclear atypia 
in the tumor lesions correlated not only with the mesh structure, but also with the 
extent of the chronic inflammatory foreign-body reaction in the early time inter- 
vals of implantation. 
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Fig. 1 a, b. Macroscopical aspect of the tumors characterized by well-circumscribed tumor nodu- 
les. c, d Fleshy and sometimes cystic cut surface of the tumors 



Although some tumors reveal all cytological signs of malignancy in none of the 
lesions, neither an infiltrating growth pattern in the tumor periphery (Fig. 3a) nor 
distant metastasis could be confirmed during autopsy and histology (see Table 1). 

Precursor lesions (nuclear dysplasia; Fig. 3b) coidd be detected in the former area 
of the fibrotic capsule, in particular in the PPF+C group. In humans, none of these 
significant cytological alterations could be detected in 400 explanted specimens on 
record in our data pool with observation periods up to 25 years (Fig. 3 c, d). 



Discussion 

The present study demonstrates that heavy-weight surgical meshes with small 
pores for hernia repair and microporous PP foils with or without carcinogenic 
modification may induce tumor-like lesions in the rat model. Low-weight mesh 
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Fig. 2 a-d. Microscopic appearance of the tumors, a Sarcoma-like lesion with heterotopic 
ossification partly resembling myositis ossificance (HE, 200x); b sarcoma-like lesion with 
numerous tumor-associated and multinucleated giant cells (HE, 200x); c sarcoma-like lesions 
mimicking fibrosarcoma (HE, 400x); d sarcoma-like lesion with a somewhat epitheloid diffe- 
rentiation pattern (HE, 200x). e,f Nuclear atypia: e severe nuclear atypia associated with hig- 
hly pleomorphic and hyperchomatic cell nuclei (HE, 400x); f no or mild nuclear atypia resem- 
bling a benign mesenchymal lesion (HE, 400x) 
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Fig. 3a, b. a All tumors of the study indicated a well-circumscribed tumor periphery without 
signs of infiltration of the surrounding soft tissues (HE, lOOx). b Precursor lesion with 
already severe dysplasia of the cells in the capsule surrounding the test item (HE, 200x). c Mar- 
lex mesh 15 years after implantation with a nearly acellular matrix surrounding the mesh 
fibers (HE, 200x). d unknown mesh type 25 years after implantation without any signs of 
nuclear dysplasia (HE, 200x) 



modifications with large pores, however, indicated no tumor growth. So far, the 
investigation of our research group is unique in literature and, to our best know- 
ledge, has not been described before. 

The fact that biomaterials independently of their chemical composition, may 
induce »foreign-body sarcomas« has been well known since the basic work of 
Oppenheimer et al. [1-3] and Brand et al. [4-8]. However, tumors induced by 
implants with a pore size > 60 pm have not been described before. Moreover, the 
model demonstrates a strong correlation of the development of these neoplastic 
lesions in dependence on the surface area, the amount of material, the initial 
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inflammatory reaction and, in particular, of the pore size. Furthermore, we found 
a strong correlation of nuclear atypia with these parameters. So far, this study 
proves a significant influence of physical properties of the implant on the surro- 
unding tissue response. The permeability of implants with maintenance of the 
physiological homeostasis of the recipient tissues seems to be of major impor- 
tance. Disturbing this homeostasis may result not only in tumor growth as in the 
rat model, but also in an increased chronic inflammatory foreign-body reaction, 
enhanced scar formation, or degradation of the mesh-like calcification. 

Finally, one decisive question remains: are the results of the rat study trans- 
ferable to humans and can surgical meshes induce malignancies after long-term 
implantation of decades in our hernia patients? 

The answer is no. Worldwide, there are no reported malignancies after mesh 
implantation. Additionally, our postretrieval study in humans indicates only an 
almost acellular fibrosis after decades of implantation. Precursor lesions similar 
to our rat model have been observed in none of the 400 explants. Moreover, it is 
doubtful whether the tumor-like lesions observed in the rat model are really mali- 
gnant. A really convincing proof such as infiltration of the tumor periphery or 
distant metastasis is missing. From the point of view of a pathologist, the lesions 
are best described as tumor-mimicking lesions or as pseudosarcomas. 

In conclusion, the present study demonstrates: 

• The textile structure is important for a physiological integration of the mesh. 

• The foreign-body »sarcoma« is a species-specific problem of rats and mice. 

• The phenomenon of tumor formation depends mainly on the amount of material 
and the pore size. 

• The postretrieval study reveals no scientific evidence of tumor formation in 
humans. 

• The risk/benefit evaluation of surgical mesh should not be incriminated by a 
discussion of possible tumor formation. 
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Discussion 



Deysine: I have a question and it comes from total ignorance. Can you differentiate 
scar formation from what you saw here? I mean scar formation, this collagen depo- 
sition by fibroblasts, or is it metaplasia? 

Klosterhalfen: I believe at least the foreign-body reaction is a special type of scar 
formation. So the fibrotic reaction is not a metaplasia. 

Ojfner: You reported of one case with a sarcoma in the liver, far away from the 
implant. How do you explain that? 

Klosterhalfen: I believe this a specific form of the aging of the rat. You see also 
tumors in the animals without implants, e.g., in the large bowel or sarcomas in the 
lung. 

Read: I just want to mention, as some of you know, that iVe been interested for 
some years in lipoma of the cord, lipoma, and herniation. We have seen in our 
hospital over all the years three cases of sarcoma associated with the spermatic 
cord, and these were patients presenting with lumps in the groin. It turned out to 
be sarcoma. One of these was metastatic. There was no incidence of any relations- 
hip with these tumors and the presence of a hernia repair or a mesh. 

Offner: I would like to comment on the first histological slide you have shown. 
This reminds me a little bit of myositis ossificans and, as compared to infections, 
where we have to fulfill the postulates, we need a tumor with a metastasis to say 
that these tumors are malignant. They may be just reactive proliferations like myo- 
sitis ossificans, which is what I favor. 

Klosterhalfen: This was only one tumor with this ossification, so I am not sure. This 
animal species, they can mimic every tumor we know and there are a couple of 
other parameters I didn’t address, connective tissue formation, desmoplasia, but 
I saw nothing, no lymphangiosis, nothing. 

Schumpelick: Does it mean that we can close the book about this sarcoma story? 
Or leave it a little bit open? 

Klosterhalfen: I think it is important to have a risk - benefit evaluation and I think 
the rest is an ethical problem. 
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25 Mesh Repair in the Groin: 
for Every Hernia at all Ages? 

V. ScHUMPELiCK, U. Klinge, K. Junge, M. Stumpf, J. Conze, R. Rosch 



Introduction 

The indication for mesh repair in the groin is still controversial. In general, the 
evaluation of pros and cons should respect that the quality of hernia surgery is 
mainly represented by its recurrence rate and, of course, by the patient’s comfort. 
Therefore, a nearer understanding of these two end points is essential in the deci- 
sion making concerning the application of mesh materials or conventional suture 
repair. 



Risk Factors for Inguinal Hernia Recurrence 

Causal factors for hernia recurrence are often seen in technical aspects: with regard 
to TAPP, for example, Bittner et al. have shown that recurrence rates decrease in 
time within the learning curve. Likewise, it has been reported that specialisation 
in hernia surgery resulted in a reduction of recurrence rates when compared to 
operations performed by general surgeons with a broad spectrum of different ope- 
rative procedures [1]. In contrast, investigations by Sorensen et al. about risk fac- 
tors for inguinal hernia recurrence have shown that the experience of surgeons 
had no impact on recurrence rates [2]. Altogether, granted that a profound training 
might even ameliorate the results in hernia surgery, the best technique and tech- 
nicians represent no guarantee for the prevention of recurrences. 

Accordingly, based on several observations around inguinal hernia recurrence, 
mere technical aspects in the explanation of its pathogenesis have been more and 
more abandoned in recent years. Firstly, a simple technical failure presupposed 
that an early onset of hernia recurrence had to be expected. However, with more 
than ^3 of all cases, inguinal hernia recurrence develops later than 3 years (Fig. 1). 
Additionally, Haapaniemi et al. [3] have shown that the incidence of inguinal her- 
nia recurrence shows a time-dependent and almost linear increase in time with an 
even stronger rise for patients suffering rerecurrences. 

Secondly, Kald et al. [4] reported that besides postoperative complications, 
patients with recurrent or direct hernias were associated with an increased rela- 
tive risk for the development of a (re-) recurrence. Again, a more complex causa- 
lity which cannot be explained by technical aspects alone must be investigated. 

Next, there is the well-known influence of gender and age on different kinds of 
hernia formation: inguinal hernias are more frequent in men. During a lifetime. 
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Fig.1 .Time dependent develop- 
ment of inguinal hernia recur- 
rence. (Quality control Saxony 
2000) 
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Fig. 2. Operations for recurrent 
inguinal hernia. (England, Hospital 
Episode Statistics 1995/96) 



25% of all male and only 2% of all female individuals will develop an inguinal 
hernia (bilaterally located in 15%), with high incidence in childhood and a second 
peak at age 45 [5]. Patients with recurrent inguinal hernias exhibit similar age 
patterns with an increased incidence in males whereas the incidence in females 
remains approximately at the same level (Fig. 2). 

To sum up, all these data led to the hypothesis of a »population at risk« and 
of a biologically co-accounted recurrence due to diverse patient-related risk fac- 
tors. Primary or secondary disorders of connective tissue biology are increasingly 
thought to be causally involved in hernia formation. In various diseases like Ehlers- 
Danlos, Marfan’s disease, osteogenesis imperfecta, or congenital dislocation of the 
hip, a correlation with the development of hernias has been reported [6-10]. Aneu- 
rismal disease, as another disorder of connective tissue, has also been shown to 
coincide with abdominal wall hernias [11-13]. Similarly, Pleumeekers et al. obser- 
ved that men with a history of inguinal hernia have a threefold higher prevalence 
of abdominal aneurisms [13]. Varicosis, which is supposed to be based on an impai- 
red connective tissue biology, is, interestingly, a comorbidity represented above the 
average in patients with groin hernia [14]. 

Of course, especially with regard to the above-mentioned congenital connec- 
tive tissue disease, a familiar cumulation of (recurrent) hernias should be taken 
into consideration as risk factor for a hernia recurrence. However, the existence of 
hereditability of a hernia disease has still to be proved in - momentarily ongoing - 
studies. 

With collagen as the principal element responsible for the stability of connective 
tissue, pathomechanisms in collagen matrix deposition have been evaluated in 
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patients suffering inguinal hernia recurrence. Hereby, the »quality« of connective 
tissue is defined by the amount and the ratio of synthesized and deposited colla- 
gens type I and type III. Particularly mature type-I collagen, predominantly found 
in dense bundles in connective tissues like tendons or ligaments, is responsible for 
tensile strength of tissue. In contrast, type-III collagen, consisting of thinner fibers, 
represents immature collagen found in early wound healing and in flexible tis- 
sues. Skin fibroblasts from patients with recurrent inguinal hernia were analyzed 
immunohistochemically, by RT-PCR and Northern blot analysis, showing decrea- 
sed ratios of collagen type I to III and of procollagen type I to III mRNA [15]. 
Thus, a reduced quality of connective tissue was assumed in these patients. Furt- 
hermore, with regard to the metalloproteinases as important degrading enzymes 
of collagens, a concomitant increase of MMP-1 and MMP-13 on protein and on 
mRNA level was observed in patients with recurrent inguinal hernia. These obser- 
vations support the hypothesis of a dysregulation of the connective tissue turno- 
ver, and not only altered collagen synthesis [15]. Of course, such a highly dyna- 
mic and complex system for remodeling of the extracellular matrix is vulnerable. 
Cannon et al. showed an imbalance between levels of blood proteases and anti- 
proteases in smokers with either direct or indirect inguinal hernia and concluded 
that smoking damages connective tissue in the groin, thus leading to herniation 
[16]. Moreover, Sorensen et al. even described smoking as an important risk fac- 
tor for inguinal hernia recurrence [2]. 



Meshes for Hernia Repair 

The use of synthetic meshes has been shown to substantially reduce the risk of 
groin hernia recurrence, irrespective of placement method. The EU Hernia Tria- 
lists’ Collaboration observed a 50% reduction in the cumulative recurrence rates 
over time [17]. However, it has to be realized that, similarly to suture techniques, 
this study showed a time- dependent increase of recurrence rates despite the use 
of meshes. As long-term follow-up studies are still missing, the overall long-term 
recurrence rate is therefore still unknown. Here, a delayed development of ingui- 
nal hernia recurrence due to mesh implants is conceivable. Finally, the investiga- 
tion of the cumulative recurrence rates should be performed by subdivision of the 
patients according to the above mentioned risk factors for a better interpretation 
and a subsequent surgical implementation. 

With regard to the patient's comfort, an unrestricted and uncritical use of sur- 
gical meshes should be limited. Reviewing the literature, several mesh-related com- 
plications have been reported: paresthesia, discomfort, or even pain [18, 19], sper- 
matic granuloma [20], fistula formation [21, 22], and seroma (30-50%) [23, 24]. 

These mesh-related complications may originate from an inadequate biocom- 
patibility of alloplastic prosthesis, and hopefully will be minimized by the develop- 
ment of improved mesh materials in future; but with respect to the increasing life 
expectancy and therefore more and more prolonged implantation periods, atten- 
tion to -until now - unknown long-term effects is essential and should be attended 
to in long-term follow-up studies. As a consequence, especially in young patients, 
a thoughtful weighing up of the indication for meshes has to be demanded. 
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Adapted Surgical Therapy 

To conclude, with the improved recurrence rates by meshes on the one hand, and 
the different mesh-related risks on the other, we propose an individually tailored 
surgical therapy. In our opinion, so-called low-risk patients are well treated by 
suture repair and will not profit from mesh repair due to the possibility of mesh- 
related complications. For example, in young patients with small indirect hernias 
(and no risk factors) we propose the Shouldice repair. As shown by Beets et al., 
this technique is able to achieve acceptable recurrence rates of 15% after 15 years 
[25]. In a previous study we even found recurrence rates of 2.6% after 10 years for 
reparation of primary inguinal hernias [26]. 

In contrast, in a population at risk, the use of mesh implants - combined either 
with open or laparoscopic techniques - should be taken into consideration in the 
prevention of recurrent hernia formation. An example might be men over the age 
of 40, with recurrent or multiple hernias or a systemic predisposition. Here, the 
central challenge to the surgeon is to provide a sufficient overlap of the alloplastic 
prostheses in order to enable an adequate scarring fixation and to reduce hernia 
recurrence. 

Generally, a careful preselection of patients at risk preoperatively will help to 
facilitate the decision upon the application of prosthetic material, hereby optimi- 
zing surgical hernia repair (Fig. 3). With the aim to further validate the need of 
such an adapted hernia repair, we investigate our patients in a presently ongoing 
study. In future, the development of mesh materials should improve both its bio- 
compatibility and the patients’ wound-healing properties. 



Tailored therapy of the groin hernia 



high risk for (re-)recurrence 






inguinal access 

Lichtenstein (TOP) 

In case of poor overlap 
TIPP/Rives 

extraperitoneal open access 
Wantz, Stoppa 





I 

laparoscopic access 
TEP. TAPP 



low risk for recurrence 

T 

inguinal access 

Marcy 

Shouldice 



Fig. 3. Individually adapted therapy of groin hernia repair: indication for mesh or suture 
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Discussion 



Gilbert: What percentage of type-I hernia can be expected? Three to four percent? 
Schumpelick: More, more. 

Gilbert: What is your definition of type-I hernia? 

Schumpelick: Type-I hernia is 1.5 cm diameter, that means my fingertip. Type II is 
up to 3 cm, type III is more than 3 cm. We measure by fingers, you remember the 
last meeting here. 

Gilbert: The incidence of type-I hernia may be about 4-5%. In this type of her- 
nia it is even difficult to put your finger in. If you dissect the sack in such a small 
indirect hernia you take down all the thin fibrous connective tissue between the 
structures of the cord and the internal ring. This dissection might create problems 
in the future and therefore you have to think about a protection of this area by a 
mesh. 

Schumpelick: If you are sure that a mesh will protect. If you put in a mesh, you will 
interfere with the anatomy as well. 

Kingsnorth: Let me make some remarks. First about classification. Most surgeons 
do not use a hernia classification. So if you propose a classification as a prerequisite 
for an individual approach, you will lose the battle before it starts. 

The second point is the question of mesh in type-I hernia. There is an actual 
study from Scandinavia saying that the recurrence rate in simple Marcy repair in 
type-I hernia is 14%. And, Volker, you confused me with your slides. Do you do a 
Shouldice repair in type-I hernia? Why do you open an intact posterior wall? 

Schumpelick: We do a Marcy/Zimmerman repair in low-risk type-I hernia and a 
Shouldice repair in older patients with a type-I hernia and in all indirect type-II 
hernias. 

Nyhus: This was published by Schumpelick in Hernia in January 2001? 

Deysine: We have to adjust our technique to the individual hernia and patient. 
Perhaps in a heavy worker we should consider a Rives-Stoppa repair plug repair. 

Schumpelick: We cannot decide this today. What we need are prospective rando- 
mized studies with a classification-dependent therapy. 
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Introduction 

An incisional hernia is a common complication of abdominal surgery reported in 
up to 11% of patients generally [1] and in up to 23% of those who developed 
postoperative wound infection [2]. A considerable proportion of patients pre- 
sent with incarceration and strangulation requiring emergency abdominal sur- 
gery or at least altering the life style of the patients. The consequences are not 
only personal but also result in a socio-economic burden, which has not been 
fully evaluated. The relevance of this disease has not been realized for a long 
time. Even in recent literature unsatisfying results of surgical repair of incisional 
hernia with recurrence rates up to 45% were documented [3, 4]. Before the 
introduction of knitted polypropylene mesh in the early 1960s [5], most incisio- 
nal hernias were repaired by direct suture techniques. A dramatic decrease in 
the recurrence rate was achieved by implantation of mesh materials in an open 
technique [6, 7]. The laparoscopic placement of meshes for the repair of inci- 
sional hernias was introduced in the 1990s. Up to now no consensus on the best 
treatment has been forthcoming. In a Medline literature research [8] identifying 
articles relating to incisional hernia, ventral hernia and wound failure the analy- 
sis revealed a recurrence rate after open suture repair as high as 21 to 49% in 
contrast to 0 to 10% for open mesh repair. Recurrence rates after laparoscopic 
mesh repair varied from 0 to 9%. 

With respect to these analyses, one may conclude that there is no alternative for 
mesh repair in the treatment of abdominal wall hernias. However, a recent pros- 
pective randomized clinical trial comparing suture repair with mesh repair of inci- 
sional hernia [9] documented a recurrence rate of 36% after suture repair but also 
of 23% in the group of patients with polypropylene mesh repair. This is still an 
unacceptably high rate of recurrence, even after mesh repair of incisional hernia. 
The purpose was therefore to analyze in more detail the results of different tech- 
niques in relation to different kinds of hernias in the abdominal wall. 



Epigastric Hernia 

Epigastric hernias occur along the linea alba; the location is mainly close to the 
umbilicus. Treatment of choice in hernias smaller than 4 cm is still the suture repair 
with single stitches with nonabsorbable sutures. The recurrence rate is between 2 
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and 5% [10]. The Mayo overlap reported in earlier literature is no longer recom- 
mended due to the ischemic conditions. More recent data are not available. 



Umbilical Hernia 

Umbilical hernia is common in adults. The traditional method for repair of an 
umbilical hernia is the single- stitch suture repair. The recurrence rate various 
between 11 and 13% [11, 12]. The risk for recurrence correlates with the relative 
body weight. With a BMI of more than 30 it increased up to 31.8% [12]. Runyon 
[13] underlined ascites as an further important risk factor. Without ascites he 
reported a recurrence rate of 12% in contrast to 47% with ascites. 



Spiegelian Hernia 

Since the first description by van den Spigel in the 16th century, up to 400 reports 
in the world literature are documented. The hernia occurs along the linea semilu- 
naris at the crossing due to the linea semicircularis. The repair is a single-stitch 
repair of the hernial orifice with nonabsorbable suture material 2-0. The recur- 
rence rate is rare. In a series of 75 patients, 3 recurrences were reported [14]. In the 
case of recurrence, a hernioplasty with a tension-free fascia lata craft was recom- 
mended as the ideal substitute for the patients in developing countries, where syn- 
thetic meshes are still not freely available [15]. 



Incisional Hernia 

Incidonal hernias are a common complication following abdominal surgery. The 
recurrence rate of incisional hernia is influenced by complications in wound hea- 
ling and metabolic disorders such as diabetes, protein deficiency, or renal insuffi- 
ciency. Furthermore, long-term respirator therapy and chronic obstructive pulmo- 
nal disease are among the etiological factors involved in the development of an 
incisional hernia. Beside these etiological factors, localization, sizes of the defect, 
extent of eventration, number of recurrences, and number of defects are relevant 
prognostic factors for the recurrence rate, but also for choice of treatment. 

To compare the results of surgical repair a simple classification has been propo- 
sed [16]: 

• Type I is characterized by an orifice smaller than 2 cm, mainly detected by ultra- 
sound or palpation. 

• Type II has an orifice smaller than 4 cm in upright position, a protrusion occurs, 
the reposition occurs spontaneously. 

• Type lib: the hernia cannot be reduced. 

• Type III: the orifice is larger than 4 cm, it is spontaneously reducible. 

• Type IV: it is visible in upright and flat position, the reposition does not occur 
spontaneously (Fig. 1). 

• Type IVb: the hernia is not reducible. 
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Fig. 1. A huge type IV incisional 
hernia visible in up right and 
flat position 





• Type V described a total defect of the abdominal wall. The protrusion of abdo- 
minal content is monstrous not only in upright but also in flat position (Fig. 2). 



Common Methods 

Common mesh-free methods in repair of incisional hernia are primary closure 
with or without relaxing incisions, the Mayo overlap technique, cutisplasty, and 
muscle transfer. The proliferation of techniques is a typical result of the overall 
outcome. 
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Suture Repair 

For the primary closure poor results with recurrence rates between 31 to 45% are 
reported until up to now [3, 4, 9]. A suture repair with nonabsorbable running 
suture is indicated only in hernia type I-II. A ratio 4:1 of suture length and wound 
length has to be considered. 



Mayo Overlap 

Mayo [17] believed that a scar in one plane from within out is an important risk 
factor for developing a hernia. He therefore advocated an overlapping repair in 
which each line of suture is protected by normal structures. These sutures hold the 
structures in position and the intraabdominal tension itself prevents displace- 
ment. Although generations of surgeons were educated or trained with this tech- 
nique for the repair of incisional hernia, the results were disencouraging. So han- 
ger [3] reported a recurrence rate of 31%. In 1997 a serious of 68 primary midline 
incisional hernias with a vertical Mayo repair were evaluated retrospectively [18]. 
The 1-, 3-, 5- and 10-year cumulative recurrence rates were 35, 46, 48 and 54%, 
respectively. Considering this high recurrence rate, the results of this study stron- 
gly suggest that the vest-over-pants repair should no longer be used for closure of 
midline incisional hernias. The problems related to this technique were mainly due 
to tissue ischemia and suture cut out. 



Cutisplasty 

Cutisplasty was originally introduced by Loewe [19] and Rehn [20]. For the auto- 
dermal skin graft the epidermis and fat are dissected in order to avoid epithelial 
cysts. The mesh used has to be fixed under tension using nonabsorbable suture 
material. The position of the mesh is in either sub- or in onlay position overlap- 
ping to the rims of the hernia [2-3 cm]. The implanted cutis graft undergoes struc- 
tural changes. Experimental data [21, 22] investigating morphology and wound 
healing following cutisplasty revealed that under the tension of the abdominal 
muscles the transverse diameter of the cutis transplant increases considerably wit- 
hin the first 80 days [21]. The longitudinal diameter decreases at first, approaching 
its original length within the same period of time [22]. The enclosure of capillary 
bundles results in a revascularization of the graft completed after 2 weeks, follo- 
wed by a displacement of the grafts collagen fibers by giant cells and macrophages. 
Due to the tension of the abdominal wall the collagen fibers are brought into 
line during the remodeling process appropriate to the mechanical stress. It finally 
results in a transformation of the transplant to a juvenile strong fibrous tissue. 

A modification of cutisplasty was introduced by Cosset [23]. He reported his 
experiences of 19 incisional hernias treated by lacing the musculo-aponeurotic 
margins of the hernia using full-thickness skin bands. The technique consists 
of a 1-cm-wide uninterrupted segment of skin cut in a concentric circle from the 
excess skin overlying the edge of the hernia. The skin graft has to be prepared by 
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Fig. 3. A 1 cm uninterrupted segment of skin is cut in a concentric circle from the excess skin. 
The skin lace is alternatively passed through the left and right fascial margins of the hernia 



removing all tissues and immersing it in a betadine solution. The epidermal layer 
is not removed after dissection of the hernia sac and closing of the peritoneum. 
The skin lace alternatively passed through the left and right fascia margins of the 
hernia using a Kelly clamp to perforate and pulling the lace through to the fascia. 
The layers were used as running sutures tied loosely, and anchored at the end of 
the suture line using transfixing sutures (Fig. 3). 

Using cutisplasty or, respectively, the cutis lacing technique, the recurrence rate 
varies between 0 and 12% [24]. 

In 2002 Korenkov [25] reported a randomized clinical trial of suture repair, poly- 
propylene mesh or autodermal hernioplasty for incisional hernias. The study was 
interrupted because of an unacceptable high rate (26%) of local complications after 
mesh implantation. 

Arguments in favor of the cutisplasty techniques are a smooth wound healing 
and a high resistance to infection. The transplant has a high elasticity and the results 
documented a low recurrence rate. The implantation of an autologous biological 
material is accompanied by extremely low costs. Arguments against the techniques 
are missing biomechanical data and long-term results concerning degeneration 
of the transplant. The results in animal experiments still differ, and no good ran- 
domized studies are available. 



Muscle Repair 

The indications for muscle transfer are huge abdominal wall defects after trauma 
or infection, other indications are congenital defects and abdominal wall hernias 
after tumor resection. One technique is the uni- or bilateral tensor fascia lata flap 
[TFL]. Based on its vascular anatomy, the TFL flap can easily be transposed in all 
directions and ensures a dynamic stabilization of defects in the groin and lower 
abdominal wall. It can also be extended up to the xiphoid process, and most abdo- 
minal wall defects can be closed. Another technique which requires the entire spec- 
trum of plastic and reconstructive surgery is a free transplanted myocutaneous flap 
consisting of the latissimus muscle and covering skin. The thoracodorsal artery 
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and vein and the thoracodorsal nerve are prepared and dissected. After anastomo- 
sis of the flap with the receiving vessels the thoracodorsal nerve is co-adapted to 
an intercostal nerve. The flap will be adapted to the defect and sutured. A reinner- 
vation of the flap is completed after 2 years. 

Case reports in the literature document good results in experienced hand [26, 
27, 28]. Problems with a defect in the elevation zone result in cosmetic and func- 
tional deficits. Hematomas are reported in 22.5% and wound infection occurs in 
10%. In general this kind of surgery is not part of the standard surgical methods 
and is often not really a mesh-free repair. 



Rare Techniques 

Beside the well-known techniques for the repair of incisional hernia, a number 
of rare techniques are reported in the literature. The main characteristics of these 
reports are that they are either single-institution or single-author experiences and 
none of them reports a recurrence up to now. 



Far and Near Technique 

In 50 patients with incisional hernia an interrupted far and near suture technique 
was described. Suture material was 1-0 polypropylene. In between reinforcement 
sutures were inserted to distribute the tensions. After a mean follow up of 52 months 
no recurrences were observed [29]. 



Da Silva Method 

Hope [30] described his experience with the Da Silva method of incisional hernia 
repair in 30 patients. The technique uses flaps of rectus sheath and the retroperi- 
toneal tissue of the hernia sac. Three overlapping layers are produced which appro- 
ximate the medial edges of the rectus muscle to the midline. Suture line tension is 
reduced by distribution between the layers. 

In 27 patients examined after a mean follow up of 2.5 years no recurrence was 
detected. 



Anchorage Overlapping Repair 

The anchorage overlapping repair of incisional hernia uses stripes of the hernial 
sac with its entire covering of collagen scar at one side. The stripes are reversed 
to holes in the superficial overlapping muscle layer and fixed back to the ipsilate- 
ral side. Except for a minor one at the upper end of vertical repair there were no 
recurrences over a 2.2-year period [31]. 
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Darn Repair 

Another technique for repairing massive ventral incisional hernias without 
using a mesh was described by Johnson [32], The reconstruction of a posterial 
rectus sheath with the incised ventral sheaths is followed by using a nylondarn 
as a running suture approximating the recti. The experience is limited to three 
patients. 



Ilizarov Repair 

Even the principle of lengthening of long bones with an external fixateur descri- 
bed by Ilizarov was used for stretching the abdominal wall [33]. The edges of a 
huge facial defect were ossified with 5-cm-broad bone rims. These long rims were 
used to anchor the screws of a tubular AO external fixator. It was possible to stretch 
the abdominal wall in 3 weeks and after co-adaptation of the bone rims a cerclage 
osteosynthesis followed in the midline. 



Conclusion 

Taking into account the kind and size of the abdominal wall hernia, mesh-free 

alternatives for the repair of abdominal wall exist, despite the generally disastrous 

results after suture repair. 

The following methods can be recommended. 

• In small (< 4 cm) epigastric hernia an open suture repair interrupted or running 
with 0 - nonabsorbable material is feasable. For the running suture the rela- 
tion between wound lengths and suture material should be 1:4. 

• For the umbilical hernia an open suture with 0 - nonabsorbable material with 
interrupted stitches is an alternative to mesh repair, especially in patients with- 
out additional risk factors such as high BMI and ascites. 

• The sphigelian hernia can be repaired with open suture with 0 - nonabsorbable 
material interrupted. In the case of recurrence a fascia lata repair is a cheap alter- 
native to mesh repair. 

• For the incisional hernia types I and II the running suture with 0 - nonabsorb- 
able material with a wound suture material ratio 1:4 is preferable. In type-III 
incisional hernia the cutisplasty with corium mesh or cutis lacing plasty is an 
alternative with autologous material at low costs. However further experimen- 
tal data on cutisplasty concerning biomechanical aspects and good randomized 
clinical studies with long-term results are necessary. 
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Discussion 



LeBlanc: What is the length of the repair in cutisplasty. The length of repair might 
increase the costs. 

Schippers: I suppose it is not a time-consuming procedure. I think it will take the 
same time as placing a mesh. 

Schumpelick: I think we need these nonmesh procedures in special situations, for 
example in the presence of an infected mesh. We used absorbable mesh, but this 
gave no good results. 

Simmermacher: We should talk about the laparoscopic surgeons and the other 
surgeons, because so far we are not sure if we should reconstruct the linea alba or 
not. One of the criticisms to the laparoscopists is that they do not repair a defect 
but just put a patch on it, so they never attack the cause of the hernia while if you 
do the Ramirez procedure by cutting only the external aponeurosis you relax the 
muscles and then you can reconstruct the linea alba. I wonder whether this is the 
better approach because I have to mention that some of our patients have bulging 
on the lateral side following the Ramirez repair. 

Deysine: I did some repairs with dermal grafts. They developed cysts, dermal cysts. 

Schippers: Data from the literature support the idea that these cysts disappear spon- 
taneously in time. 

DeBord: There are several reports of squamous carcinoma developing from cysts 
of dermal grafts. So cyst formation following this type of hernia repair requires a 
careful follow up. 

Kingsnorth: During the last Suvretta meeting we had the consensus that a defect 
smaller than 4 cm does not require a mesh. Did you change that? In a Spanish ran- 
domized study dealing with umbilical hernia they found in mesh repair a recur- 
rence rate of 3% and in suture repair a rate of 1 1%. So they recommended a mesh 
in all umbilical hernias. Can you comment on these remarks? 
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Schippers: I said in hernias smaller than 4 cm no mesh. I mentioned the Spanish 
study, but I showed only the suture recurrence rate of 11% and not the 3% mesh 
recurrences. I think an 11% recurrence rate is acceptable. 

Kingsnorth: You have a randomized controlled study with an 11% recurrence with 
suture and a 3% recurrence with mesh, yet you continue with suture. What is the 
sense in this? 

Schippers: There are also studies with mesh repair of incisional hernia of 23% and 
we still use mesh. What is the sense in this? By the way, I always use mesh, but not 
for umbilical hernia. 

Klinge: I believe in collagen, so I have to contradict a little. The studies with cutis- 
plasty were done in young patients with a low risk of recurrence. But I wonder 
whether the cutisplasty will work in older high-risk patients with a collagen defect. 
In these you have to use mesh. 

Schippers: I totally agree with you. 

Schumpelick: Four years ago there was a consensus of using a mesh only in her- 
nias bigger than 4 cm; but now it is 4 years later. Do you still avoid mesh perhaps 
in a trocar hernia? 

Schippers: In a trocar hernia smaller than 4 cm I still do a suture repair. 
Schumpelick: Is there anybody here who does use a mesh in these cases? 

Vote by the audience 
Schippers: Not all, not all. 

Nyhus: It was of interest to hear about the technique of pneumoperitoneum in large 
hernias. Can you comment on that? 

Schippers: It’s not my topic, but in my experience it is indicated only in very special 
cases and it cannot be recommended in general, because it means a long course of 
treatment for the patient. 

Gilbert: We use the pneumoperitoneum more often than in the past. The insuffla- 
tion is done under local anesthesia and is repeated throughout some weeks. In large 
incisional hernias we found this procedure very helpful. 
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Introduction 

Simple closure of acquired diaphragmatic hernia has been accompanied by a high 
recurrence rate. In order to address this problem, we have been interested in rein- 
forcing diaphragmatic hernia repair with prosthetic mesh. Our experience with this 
involves two clinical series, one a retrospective review of open polypropylene-rein- 
forced hiatal herniorrhaphy and the other a randomized controlled trial of laparos- 
copic hiatal herniorrhaphy with and without polytetrafluoroethylene reinforcement. 
Our recurrence rate with mesh reinforcement of diaphragmatic hernia has been 
virtually nil. Here, we review diaphragmatic herniorrhaphy with mesh, describe our 
technique of laparoscopic hiatal herniorrhaphy with mesh reinforcement, and pro- 
vide general recommendations for management of diaphragmatic hernia. 



Definitions: Diaphragmatic Hernia 

The discussion will be limited to acquired hernia of the diaphragm in the adult, 
which in the vast majority of cases will mean hernia through the esophageal hia- 
tus, including paraesophageal hernia. Generally speaking, there are four types of 
hiatal hernia [1]: type I, or simple sliding hiatal hernia (the most common type 
by far, accounting for -90% of hernias of the esophageal hiatus); type II, or true 
paraesophageal hernia (relatively rare; a partial herniation of the stomach with 
retention of the gastroesophageal junction below the diaphragm); type III, or mixed 
paraesophageal hernia (the most common paraesophageal hernia; a partial her- 
niation of the stomach with displacement of the gastroesophageal junction above 
the diaphragm); and type IV, or massive paraesophageal hernia (herniation of the 
stomach and another intraabdominal organ into the chest). The anatomy of the 
hiatus as viewed from the abdomen is shown in Fig. 1. In the majority of subjects 
the esophageal hiatus is formed by a split in the right diaphragmatic crus [2]; the 
usual boundaries of the hiatus, therefore, are the right and left bundles of the right 
diaphragmatic crus. The right and left bundles typically are the two structures a 
surgeon approximates when performing sutured cruroplasty for hiatus hernia, e.g., 
during a Nissen fundoplication or a paraesophageal hernia repair. Since the vast 
majority of diaphragmatic hernias are through the esophageal hiatus, a primary (or 
traditional) repair as discussed in this review consists of a simple (sutured) 
cruroplasty. 
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Fig. 1. Anatomy of the esophageal hiatus of the diaphragm as viewed from the abdomen. This 
configuration is present in -50% of subjects. (Gray SW, Rowe JS, Jr., Skandalakis JE 1979. Surgi- 
cal anatomy of the gastroesophageal junction. Am Surg 45: 575-87. Reprinted with permission) 



Etiology and Pathophysiology of Diaphragmatic Hernia 

Notwithstanding trauma, the etiology of acquired diaphragmatic hernia is lar- 
gely unknown. Some underlying risk factors include obesity, pulmonary disease, 
gastroesophageal reflux disease, age, or congenital anomaly of the crura [1,3]; these 
are conditions that weaken the crura and/or increase intraabdominal pressure. The 
hiatus is particularly prone to develop herniation, not only because of the preva- 
lence of the above risk factors, but also because of the approximately 14000 cycles 
of respiration the diaphragm undergoes every day (not including coughing, strai- 
ning, sneezing etc.). This frequent and obligatory muscular contraction also makes 
any surgical repair prone to breakdown. These circumstances contribute to the rela- 
tively high recurrence rate of diaphragmatic hernia repair (see below), which has 
been our impetus for employment of mesh reinforcement. 



Recurrence After Traditional Diaphragmatic Hernia Repair 

Early experience with primary diaphragmatic hernia repair, which consists of 
various techniques of sutured cruroplasty, demonstrated a recurrence rate that 
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Tablet. 


recurrence rate after paraesophageal hernia repair without prosthetic mesh 


Year 


First author 


Approach 


F/U 

(mo) 


No. of 
cases 


Recurrences Rate 
(%) 


1973 


Ozdemir [16] 


Open 


6-122 


28 


3 


10.7 


1983 


Pearson [17] 


Open 


12-192 


51 


1 


2.0 


1986 


Ellis 1 18] 


Open 


12-156 


43 


4 


9.3 


1990 


Ackermann [19] 


Open 


4-144 


86 


15 


17.4 


1995 


Myers [20] 


Open 


1-129 


24 


1 


4.2 


1995 


Oddsdottir [21] 


Laparoscopic 


9 


10 


1 


10.0 


1996 


Fuller [22] 


Open 


2-39 


15 


0 


0.0 


1997 


Perdikis [23] 


Laparoscopic 


2-54 


46 


7 


15.2 


1998 


Altorki [24] 


Open 


6-108 


42 


3 


7.1 


1998 


Edye [25] 


Laparoscopic 


29 


49 


5 


10.2 


1999 


Swanstrom [26] 


Laparoscopic 


18 


49 


4 


8.2 


2001 


Dahlberg [27] 


Laparoscopic 


3-34 


31 


4 


12.9 


2001 


Weichmann [28] 


Laparoscopic 


6 


44 


3 


6.8 


2001 


Velanovich [29] 


Mixed 


1-50 


43 


3 


7.0 


2002 


Mattar [30] 


Laparoscopic 


12-82 


83 


3 


3.6 


Sum 








644 


57 


8.9 



ranged from 40 to 50% [4, 5]. More recently, the average recurrence rate after pri- 
mary diaphragmatic hernia repair (open and laparoscopic) has decreased to appro- 
ximately 9% (with a range of 0-1 7%h see Table 1. This improvement in recurrence 
rate may be attributed to refinements in surgical technique, such as the various use 
of gastropexy, gastrostomy, fundoplication, esophageal lengthening, etc. in conjunc- 
tion with the sutured cruroplasty. The availability of strong permanent suture 
material also may have contributed to the improvement in durability of the repair. 
In the final analysis, however, the published recurrence rate after diaphragmatic 
herniorrhaphy without mesh is still about 1 in 10. If publication bias is taken into 
account, then the actual recurrence rate outside of the literature most likely is higher. 



Use of Prosthetic Mesh in Repair of Diaphragmatic Hernia: 
Literature Review 

The laudable results of prosthetic herniorrhaphy in the repair of groin or anterior 
abdominal wall defects are well documented. In an effort to decrease recurrence after 
repair of large diaphragmatic defects, some investigators have utilized various forms 
of prosthetic material in their repair. Willekes et al. [6] laparoscopically repaired 
several large hiatal defects with a U-shaped PTFE patch sutured to the crura, but 
without a cruroplasty. Pitcher et al. [7] utilized polypropylene reinforcement of 
cruroplasty during laparoscopic paraesophageal herniorrhaphy in two patients. 
Casaccia et al. [8] described an A- shaped PTFE mesh used in the laparoscopic 
repair of hiatal hernia in eight patients. Huntington [9] described a technique of 
hiatal herniorraphy which involved simple cruroplasty followed by a medial dia- 
phragmatic relaxing incision which was patched with polypropylene. Meyer et al. 
[10] performed laparoscopic cruroplasty reinforced with a polypropylene onlay in 
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ten patients with a hiatal defect >5 cm. All of these reports represent small retro- 
spective series (= 10 patients); with the exception of our randomized trial descri- 
bed below, there has been no prospective evaluation of mesh in the repair of dia- 
phragmatic hernia. 



Mesh-Reinforced Open Diaphragmatic Hernia Repair: 

Our Retrospective Series [11] 

The problem of recurrence after simple cruroplasty for a large hiatal hernia 
(especially paraesophageal hernia with an intrathoracic stomach) was addressed 
at the Medical College of Wisconsin (Milwaukee) in the 1970s, when a policy of 
polypropylene-reinforced paraesophageal hernia repair was instituted. The pro- 
cedure (open transabdominal approach) consisted of a sutured posterior cruro- 
plasty onto which a polypropylene (Marlex) onlay (with a »keyhole« to accommo- 
date the esophagus) was placed, followed by a gastrostomy. Over a 15-year period, 
44 patients with intrathoracic stomach were treated in such a manner [11]. After 
a mean follow-up period of 52 months (range 2 months to 15 years), the clinical 
recurrence rate was zero. There was one patient in which the mesh eroded into the 
esophagus at a site which had been biopsied repeatedly (the patient had Barrett’s 
with dysplasia). The erosion was asymptomatic, but the patient ultimately requi- 
red esophagectomy for adenocarcinoma. The pathologic specimen confirmed the 
cancer, but not present at the erosion (this site contained a benign ulcer). There 
were no other mesh-related complications or long-term side effects. A good-to- 
excellent long-term result (Visick I-II) [12] was obtained in 38 of 43 patients (88%) 
available for follow up. This collection of cases remains the largest published retro- 
spective series of prosthesis-reinforced diaphragmatic hernia repairs, either open 
or laparoscopic. 



Mesh-Reinforced Minimally Invasive Diaphragmatic Hernia Repair: 
Our Randomized Trial [13] 

Encouraged by our result with open diaphragmatic repair with mesh, we elected 
to perform such repairs laparoscopically. One theoretical concern we had in using 
mesh (especially polypropylene) at the hiatus, however, was erosion into a hollow 
viscera, which happened in one patient from our open series (see above). Poly- 
propylene mesh erosion into exposed bowel has been an occasional problem in 
the repair of defects of the anterior abdominal wall, especially with defects invol- 
ving acute inflammation and/or infection [14]. We believed that the use of PTFE 
at the hiatus might lessen the risk for erosive complications, since it was difficult to 
find published evidence of a bowel fistula with PTFE mesh as the primary cause. 
The other theoretical concern we had was whether mesh actually was indicated 
in the repair of diaphragmatic hernia. Our retrospective series suggested that uti- 
lization of mesh was beneficial, but we did not have any controlled data. Therefore, 
after a small number of cases to demonstrate the feasibility of minimally invasive 
hiatal herniorrhaphy with PTFE onlay reinforcement [15], we embarked on a ran- 
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domized controlled trial to test whether mesh placement reduced the recurrence 
rate after laparoscopic diaphragmatic hernia repair. 

We argued that any theoretical benefit of mesh placement most likely would 
exist in the patient who had a large hiatal defect (which we defined as = 8 cm). 
Seventy-two patients with gastroesophageal reflux disease and large defect (= 8 cm) 
hiatal hernia (Fig. 2) were enrolled into this study [13]. The study population con- 
sisted of a subset of all patients (> 600) undergoing a primary minimally invasive 
antireflux procedure by the senior author (CTF). The decision whether to enroll a 
patient into the study was made after intraoperative measurement of the hiatal 
defect. A subject then was randomized, and a simple posterior cruroplasty with 
or without PTFE onlay reinforcement (see subsequent section on technique) fol- 
lowed by a floppy Nissen fundoplication was performed. The recurrence rate in the 
cruroplasty only group was 22% (8 of 36); the rate in the cruroplasty plus PTFE 
group was zero (mean follow-up period = 3.3 years). There were no mesh-related 
complications. We concluded that PTFE reinforcement of posterior cruroplasty was 
indicated for hiatal defects = 8 cm. 



Mesh-Reinforced Minimally Invasive Diaphragmatic 
Hernia Repair: Technique 

Our technique of minimally invasive diaphragmatic hernia repair has been descri- 
bed in detail elsewhere [1]. The patient is placed in a modified lithotomy position 
with 15-20'' of reverse-Trendelenburg tilt, and the surgeon stands between the 
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Fig. 3. Port placement for mini- 
mally invasive laparoscopic dia- 
phragmatic hernia repair. (Frantzi- 
des CT (1995) Laparoscopic 
Vagotomy. In: Frantzides CT (ed) 
Laparoscopic and Thoracoscopic 
Surgery. St. Louis: Mosby-Year 
Book. Reprinted with permission) 




Fig. 4. PTFE onlay reinforcement of posterior cruroplasty for large defect hiatal hernia. (Frant- 
zides CT, Carlson MA (2001) Paraesophageal Herniation. In: Baker RJ, Fischer JE (eds) Mastery 
of surgery, 4th ed. Philadelphia: Lippincott, Williams & Wilkins. Reprinted with permission) 
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patient’s legs. We employ five 10 mm ports (Fig. 3), which gives us maximum fle- 
xibility in instrument choice, including atraumatic 10-mm tissue graspers. The 
liver is retracted with an inflatable nontraumatic balloon retractor. The hernia 
sac is reduced and excised; this is often the most tedious portion of the procedure, 
because of adhesions between the sac, stomach, and intrathoracic contents. Sac 
excision is important; otherwise, subsequent dissection can be difficult and con- 
fusing. The esophagus should be mobilized such that the distal 5 cm lies within the 
abdomen without tension. A posterior cruroplasty is performed with nonpledge- 
ted, interrupted sutures of braided polyester. A PTFE (DualMesh, W.L. Gore and 
Associates) onlay is then applied to the repair; a »keyhole« is cut into the mesh 
to accommodate the esophagus, and the prosthetic is stapled to the diaphragm 
(Fig. 4). The procedure is completed with a floppy 3-stitch, 2-cm-long Nissen fun- 
doplication, performed over a 60 Fr bougie. 



Conclusions and Recommendations 

Mesh reinforcement of diaphragmatic hernia repair is appropriate for large defects 
of the esophageal hiatus, which is by far the most common site of diaphragmatic 
hernia. PTFE onlay of posterior cruroplasty in our hands has reduced hernial 
recurrence to zero. We have not observed any complications related to the PTFE 
mesh at the esophageal hiatus after 10 years of usage. We would recommend that 
PTFE onlay reinforcement of posterior cruroplasty be performed when the sur- 
geon is confronted with a large defect of the esophageal hiatus. 
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Discussion 



Kingsnorth: We had one presentation this afternoon that used polypropylene and 
one that used Gore-Tex. You had Gore-Tex erosions of the esophagus and Simmer- 
macher reported about Marlex erosions of the esophagus. Where are the pros and 
cons of the materials? 
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Carlson: There are many more esophageal erosions than published in the literature. 
So it’s difficult to give a definite answer, but there seem to be more problems with 
the polypropylene and I would not use polypropylene at the hiatus. So far it seems 
that ePTFE is OK. Currently, we use a dual mesh. 

Franklin: I use Gore-Tex mesh and I never saw an erosion into the esophagus; 
but what happens with the dual mesh after the reconstruction? How many of your 
patients are suffering from dysphagia due to mesh shrinkage? 

Carlson: I know that there are reports of using a u-shaped dual mesh. I don’t know 
whether this might withhold postoperative dysphagia. We use a 60 French bougie 
during the mesh placement and normally we don’t have problems with dysphagia; 
but I cannot really comment on this. 

LeBlanc: In experimental animal studies the dual mesh showed a shrinkage of 
about 50%. So this will severely compromise the lumen and it has not been studied 
in hiatal repair anywhere. 

DeBord: In your study you compared hiatal suture versus circumferental mesh. 
Did you think that pieces of mesh put under the sutures in order to protect the 
suture from tearing out might be helpful? 



Carlson: Might be so. 




28 Parastomal Hernia: 

Prevention and Treatment 

L.A. ISRAELSSON 



Introduction 

Parastomal hernia is a common complication after the construction of all entero- 
stomas. A parastomal hernia may cause patients considerable discomfort not only 
by its big size or unsightliness, but also because stoma care and irrigation often 
become difficult. Life-threatening complications demanding urgent operation may 
occur, for example intestinal obstruction or strangulation. 

Parastomal hernias are difficult to treat, and very high rates of recurrence have 
been reported after repair. Vigorous efforts have been made to prevent and treat 
parastomal hernias and a multitude of surgical techniques have been attempted 
during the years. Despite all these efforts, parastomal hernia continues to be a sub- 
stantial surgical problem. However, new types of prosthetic mesh materials have 
been developed that may offer opportunities for the prevention of parastomal her- 
nias. 

This is a review of available publications in the field of how to create enterosto- 
mas and repair parastomal hernias. It must be noted that in this field prospective 
randomized studies are virtually lacking and most of our knowledge derives from 
retrospective clinical reports. 

Incidence 

The true rate of parastomal hernia is difficult to interpret since it has been reported 
within a very wide range of 5 to 50% [2, 5, 7-9, 12, 13, 17, 25, 26, 31, 33, 40, 41, 45]. 
This wide range may to a large extent be related to different definitions of parasto- 
mal hernia being used at follow up, since it is unlikely that surgical centres employ- 
ing similar surgical techniques would produce such different results. Some studies 
presented during the past decade have reported very high hernia rates but the 
introduction of the CT scan for the detection of parastomal hernias at follow up 
may have contributed to this [25, 31]. 

Since a uniform definition of parastomal hernia is not used at follow up, it is 
very difficult to estimate the true rate of parastomal hernia. If the experiences 
from studies on the rate of incisional hernia are to be extrapolated unto parasto- 
mal hernias, the highest rates reported are the most accurate [11]. Then the true 
rate of parastomal hernia is probably between 30 and 40% in general surgical 
practice. 
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The risk of developing a parastomal hernia has been suggested to be lower after 
an ileostomy than after a colostomy but reports on this matter are conflicting [28, 
47]. Bringing out the enterostomy through a laparotomy wound has been disa- 
strous, however, in terms of infection, wound dehiscence and herniation [18, 20, 
32, 44]. An extraperitoneal construction of an end enterostoma has been suggested 
to be associated with a lower risk for the development of a parastomal hernia in 
some studies but others have failed to confirm these findings [25, 27, 47]. 

Bringing out the stoma through the rectus abdominis muscle has in a couple of 
studies been associated with a lower rate of parastomal hernia than if the stoma 
is brought out lateral to the rectus muscle [16, 40]. Thus, the hernia rate was 3% 
with enterostomas brought out through the rectus muscle and 22% when brought 
out laterally in a study comprising 130 patients [40]. In another study correspon- 
ding figures were 1 and 19% in 93 patients [16]. This has not been confirmed in 
other retrospective studies, although some of these have shown a tendency towards 
a higher rate of parastomal hernia with enterostomas brought out lateral to the 
rectus muscle [25, 27, 31, 47]. Awaiting prospective randomized studies on this 
issue, it is probably wise to recommend that enterostomas should always be bro- 
ught out through the rectus abdominis muscle. 

A too big opening made in the abdominal wall for the enterostoma has been 
suggested to increase the risk for parastomal hernia formation [14, 18, 23, 29, 
33, 44]. Mesenteric fixation has not been found to reduce the rate of hernia for- 
mation in clinical studies [25]. Obesity, wound infection, old age, corticosteroid 
use, chronic respiratory disorders and malnutrition are other factors that have 
been suggested to be risk factors for the development of parastomal hernia [15, 
18, 24,27,38]. 

Symptoms 

The most dangerous complication of a parastomal hernia is intestinal obstruction 
and strangulation that require immediate operation. Cosmetic symptoms may be 
severe, as a big bulge may be visible even under very loose-fitting clothes. The bulge 
may cause hygienic problems by complicating stoma care and make the appliance 
of stoma dressings difficult or severely impair colonic irrigation [15, 22, 29, 34]. Pain 
due to stretching of the abdominal wall or skin and peristomal dermatitis are other 
common symptoms. 



Definition 

Parastomal hernia can be divided into four principal types depending on the hernia 
sac anatomy [15] (Fig. 1). The most common type probably is the subcutaneous 
hernia and in such parastomal hernias the hernia sac lies subcutaneously. Abdo- 
minal contents such as small or large intestine or omentum fill the hernia sac. With 
an interstitial hernia the hernia sac lies within the muscle and aponeurotic layers 
of the abdominal wall. The intrastomal hernia presents only in ileostomies in which 
an intestinal loop may herniate alongside the stoma and lie between the intestinal 
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Fig. 1 a-d. Depending on the hernia sac anatomy parastomal hernia can be divided into four 
principal types, a The subcutaneous type with a subcutaneous hernia sac. b The interstitial 
type with the hernia sack within the muscle/aponeurotic layers of the abdominal wall, c The 
intrastomal type with an intestinal loop herniating alongside the stoma, between the intesti- 
nal wall and the everted intestinal layer, d The perstomal type is a prolapse of the enterostoma 
that is enclosed in a circumferential hernia sac 



wall and the everted intestinal layer. The perstomal hernia is a prolapse of the ent- 
erostoma that is enclosed in a circumferential hernia sac. 

A parastomal hernia may be a combination of these four principal types and 
the actual type can be difficult to determine by physical examination. In clinical 
studies CT scan seems to sharpen the diagnosis of parastomal hernia. 

A major problem when evaluating clinical studies concerning parastomal her- 
nia is that there is no consistency regarding the definition of parastomal hernia 
used at follow up. The definition used at follow up is actually often not presented 
in the clinical reports. The lack of a uniform and practical definition of parasto- 
mal hernia causes several problems and probably accounts for the very wide range 
within which parastomal hernia has been reported in clinical studies [2, 5, 7-9, 
12, 13, 17, 25, 26, 31, 33, 40, 41, 45]. 

Patients should not be examined for presence of parastomal hernia earlier than 
12 months after the index operation, as it may take some time to develop a detec- 
table hernia. Follow up has been extended for a much longer time in several stu- 
dies and patients have sometimes been examined after more than 10 years. With 
follow up extended for many years, the rate of stoma complications seems to 
increase considerably with time. 

Incisional hernias have previously also been held to frequently develop later 
than within the first year after operation. This has been challenged by studies fin- 
ding that the definition of incisional hernia used is crucial for the proportion of 
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hernias that can be detected at 12-month follow up. With incisional hernia defined 
as any palpable defect or bulge adjacent to the incision, probably all hernias can be 
detected at 12-month follow up and very few are missed [11]. 

There are no data available concerning any possible relation between the defi- 
nition of parastomal hernia used at 12-month follow up and the subsequent rate 
of late appearing hernias. With a wide definition of parastomal hernia used it may 
very well be that most of these hernias can be detected at 12-month follow up also. 

Parastomal hernia cannot be defined as the rate of patients demanding hernia 
repair. In congruence with incisional hernia, the hernia rate will then relate too 
much to socio-economic factors, patient age and the capacity of the health systems 
to allow comparison between different surgical centres or different countries [21]. 
Another reason is that the proportion of patients with a parastomal hernia that 
have their hernias repaired varies between 15 and 35% [9, 23, 40, 47]. The place 
for ultrasound or CT scan at follow up for presence of parastomal hernia has not 
been systematically investigated but hernias not detectable by physical examina- 
tion can be detected by CT scan [31, 47]. 

A practical and uniform definition of parastomal hernia in clinical studies may 
be: any palpable defect or bulge adjacent to the stoma when the patient is supine 
with elevated legs or erect and coughing or straining. 



Treatment 

There are principally two ways to manage a parastomal hernia. 

A non-surgical strategy may be chosen in patients with mild or moderate sym- 
ptoms from a parastomal hernia [15, 18, 29]. A non-surgical strategy will focus on 
stoma care and adjustment of stoma dressings. This option must often be chosen 
when contraindications for surgery are present, such as disseminated malignancy 
or severe cardiopulmonary disease [15, 18, 29]. 

A surgical strategy is chosen in 15 to 35% of patients with a parastomal hernia 
[9, 23, 40, 47]. The most common surgical procedures are: stoma relocation, local 
aponeurotic repair or repair with a prosthetic mesh. There is no randomized study 
available comparing these methods, however, and no consensus exists regarding the 
method of choice. 

Stoma relocation usually requires a formal celiotomy to allow adequate intesti- 
nal length to create a new enterostoma in another quadrant of the abdominal wall. 
The risk of a parastomal hernia developing after relocation of an enterostomy is 
as at least as high as after the primary enterostomy. Thus, recurrence rates between 
30 and 45% are usually reported after stoma relocation [3, 15, 34, 38]. The large 
defect in the abdominal wall at the index enterostoma should be regarded as an 
incisional hernia and be repaired as such. This means that the defect should be 
repaired with a prosthetic mesh in a sublay position [10] (Fig. 2). 

With local aponeurotic repair the parastomal hernia sac is dissected free from 
the enterostoma, its contents are reduced and the peritoneum is closed. The apo- 
neurotic defect is then closed with sutures. With such methods results have been 
very disappointing and recurrence rates between 50% and 76% are reported [15, 
18,19,29,38] (Fig. 2). 
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Fig. 2. a Local aponeurotic repair of parastomal hernia. The hernia sac is dissected free, its 
contents are reduced and the peritoneum is closed. The aponeurotic defect is closed with 
sutures, b Stoma relocation. A celiotomy is required to create a new stoma in another qua- 
drant of the abdominal wall. The large defect in the abdominal wall at the index enterostoma 
must be regarded as an incisional hernia and be repaired with a prosthetic mesh 



Relocation of the stoma or local parastomal hernia repair often represents a 
repetition of a previously failed procedure and the rate of recurrence is thus very 
high. A different strategy should therefore be chosen [22]. This strategy can be 
based on the similarities between incisional hernias and enterostomas. Both enti- 
ties can be characterized as a situation with abdominal contents protruding through 
a defect in the abdominal wall. 

To improve the disappointing results with local aponeurotic parastomal hernia 
repair or relocation of the stoma, prosthetic mesh repair has been tried. Parastomal 
hernia is then recognized as a specific type of incisional hernia and treated in the 
same manner as has been successful in this context [22]. A non-absorbable mesh 
is then placed in either a sublay position [22, 35, 36, 43] or in an onlay position [1, 
6, 14,24,37,42,46] (Fig. 3). 

Repairing incisional hernias with the prosthetic mesh in a sublay position is 
theoretically very attractive as it allows good anatomical preparation and the 




Fig. 3 a, b. Parastomal hernia may be recognized as a specific type of incisional hernia. Treat- 
ment of parastomal hernias in the same manner as incisional hernias has been successful in 
this context. A non absorbable mesh is then placed in either a sublay position (a) or in an 
onlay position (b) 
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intraabdominal pressure does not displace the mesh easily. This position has, in 
accordance, been argued to be advantageous for the repair of parastomal hernias 
also [15, 22, 35, 36, 43]. Available studies suggest a lower rate of recurrence with a 
prosthetic mesh repair of parastomal hernias than with other methods but there 
are no randomized studies available [4, 22, 29, 38, 42]. 

Placing a prosthetic mesh in proximity to abdominal contents and intestine may 
be hazardous, as fistulas, severe adhesions or strictures may develop [30]. There 
are no clinical studies available comparing the impact of using different mesh 
materials or of different positioning of the mesh regarding these complications. 
The prosthetic mesh should be placed, however, in an extra peritonealposition. 
Without peritoneum interposed between the prosthetic mesh and the abdominal 
visceral contents, the risk of fistulas, severe adhesions or strictures developing has 
been very high [30]. 

There are new types of prosthetic mesh available today. A mesh with a reduced 
polypropylene content and with a large pore size of about 5 mm has been available 
for some years [Vypro, Ethicon, Norderstedt, Germany]. With this mesh the degree 
of inflammation in the vicinity of the mesh is lower than with older types of mesh 
[39]. An advantage with this prosthetic mesh is that absorbable material constitu- 
tes a large proportion of the mesh and the amount of non-absorbable polypropy- 
lene then remaining is low. Due to the low grade of inflammation around this mesh, 
the tendency of the mesh to erode into the bowel has been suggested to be low [22]. 
This prosthetic mesh has been used for the repair of large parastomal hernias with 
good results, although only small series have been presented [22]. 

Thus, parastomal hernia is a common complication and is difficult to repair. 
Today the probably best method for repairing parastomal hernias is a prosthetic 
mesh repair using a sublay technique. Parastomal hernias are, of course, better pre- 
vented than treated, but previous attempts to prevent the development of para- 
stomal hernias by modifying the surgical technique have not been encouraging. 
An attempt to prevent the development of parastomal hernia by using a prosthetic 
mesh at the primary operation produced very disappointing results [30]. However, 
when this study was conducted, only conventional non-absorbable meshes were 
available and those were associated with a pronounced inflammatory reaction. 
Further, the mesh was placed within the abdominal cavity. 

Placing a mesh with a reduced polypropylene content with a large pore size out- 
side the peritoneum in a sublay position can be expected to overcome some of the 
difficulties previously experienced. This method has been utilized for the treatment 
of parastomal hernias with good results [22]. Thus, the introduction of this new 
type of prosthetic mesh offers a new opportunity in the attempt to prevent the 
development of parastomal hernias. To this aim, a clinical study is presently being 
conducted at our clinic. Patients are randomized to either a conventional entero- 
stomy through the rectus abdominis or to the same procedure with the addition of 
a Vypro mesh placed in a sublay position. Placing the mesh in this position is tech- 
nically very easy and does not prolong the operation by more than a few minutes 
(Fig. 4). 
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Fig. 4. Accessing the abdomen 
through a midline incision makes 
it easy to open the space between 
the rectus abdominis muscle and 
the posterior rectus sheath. A 
Vypro mesh is placed in this sub- 
lay position and anchored with a 
suture in each corner. The bowel 
is passed through the peritoneum/ 
poste rior rectus sheath and a central opening cut out in the mesh before it is delivered 
through the remaining layers of the abdominal wall (rectus abdominis muscle, anterior rectus 
sheath, subcutis and skin) 



Conclusions 

Parastomal hernia definitely constitutes a major surgical problem. A uniform and 
practical definition of parastomal hernia at follow up has not been established and 
the true rate in surgical practice is therefore not known, but it is probably more 
than 30%. 

An enterostoma should be placed through the rectus abdominis muscle as it will 
then be associated with a lower risk of developing a parastomal hernia than if pla- 
ced lateral to the rectus muscle. A very high rate of complications is encountered 
with enterostomas placed through the celiotomy incision. 

The lowest rates of recurrence after repair of parastomal hernia have been 
achieved with methods using a prosthetic mesh. The sublay positioning of the mesh 
is then theoretically the most attractive method. 

The introduction of new types of prosthetic mesh with a reduced polypropylene 
content offers an opportunity to prevent the development of parastomal hernias by 
placing such a mesh in a sublay position at the primary operation. A clinical study 
designed to evaluate this method is in progress. 
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Discussion 



Deysine: How do you put the bowel through the mesh? Do you slit the mesh or just 
put it through? And you don’t contaminate the mesh? 

Israelsson: We put the bowel through the mesh. The bowel is cut by a transverse 
suture device. The edges of the bowel might be contaminated but had no infection 
up to now. When we include the emergency cases, that would be the final test of the 
question of wound infection. 

Carlson: With your 10 by 10 cm meshes do you ever pass the midline? 

Israelsson: Using 10 by 10-cm meshes you never pass the midline. We close the mid- 
line incision we take the corner of the mesh into the stitch together with perito- 
neum and then we include peritoneum in every third stitch together with the apo- 
neurosis. By that you cover the mesh completely. 

Simons: How many patients and what power analysis was done for your trial, 
because 40% starting point going down to 10% is very powerful, which you 
probably find very quickly. The second question is: have you heard of the lapa- 
roscopic technique of using a Gore-Tex mesh just as a valve in these situations? 

Israelsson: I heard about it, but I have not seen any reports on it. Concerning the 
power analysis, we planned 50 patients in all. 

Kingsnorth: Why didn’t you blind the study, perhaps to the patient or the surgeon 
doing the follow up? 
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Israelsson: The study is blinded to the follow-up examinator. He is not informed 
whether the patient has a mesh or not. 

Berger: In our 40 laparoscopic repairs of parastomal hernias we always found also 
an incisional hernia of the laparotomy scar. Do you do a simultaneous repair in 
these cases? 

Israelsson: In the large parastomal hernias I repaired it was sometimes difficult to 
say what is only a parastomal hernia and what is also an incisional hernia. Normally 
in these cases I translocate the stoma and protect it with a Vypro mesh. Then the 
huge hernia is repaired with a prolene mesh. 

Schumpelick: You are the first to propagate a prophylactic mesh placement for a 
distinct indication. Is it your intention to find more indications to do so, perhaps in 
patients at high risk of a recurrent or incisional hernia? 

Israelsson: It’s not my intention to do so, but I see the point you mentioned. There 
are patients with multiple laparotomies and you may see a poor aponeurosis in 
these cases. So why not place a Vypro mesh in these patients at the index operation? 




29 Indications for Mesh Repair: 
Mesh Repair for Laparostomy - 
an Underestimated Procedure 



M. Stumpf, a. Schachtrupp, U. Klinge, CJ. Krones, C. Toens, 

V. SCHUMPELICK 



The definitive closure of the abdominal wall may not be favorable in the treatment 
of several surgical conditions. Then the temporary closure of the abdominal wall 
with creation of a laparostomy is necessary. Indications for a laparostomy are plan- 
ned re-explorations of the abdominal cavity, abdominal wall defects, severe abdo- 
minal infections or the onset of an abdominal compartment syndrome. 

The abdominal compartment syndrome can be defined as an increased ab- 
dominal pressure above 20 mmHg, with increased pulmonary peak pressure 
(>40 cmH20) and oliguria (< 0,5 ml/kg), caused by reduction of veneous and 
arterial perfusion (Meldrum 1997). 

It must be distinguished between the primary abdominal compartment syn- 
drome due to peritonitis, pancreatitis, ileus, mesenteric ischemia or abdominal and 
pelvic trauma and the secondary abdominal compartment as a result of a forced 
closure of the abdominal wall after acute surgery or giant incisional hernia repair. 

The raised intaabdominal pressure leads to a decreased cardiac output, due to a 
compression of the vena cava. An increase of the pulmonary peak pressure with 
all the possible complications is usually seen. The reduced venous flow with a 
reduction of the filtration rate causes oliguria or anuria in those patients. Fur- 
thermore, a reduction of the hepatic and intestinal perfusion is present with an 
increase of bacterial translocation. All these pathophysiological findings predis- 
pose to multiorgan failure and cause mortality rates exceeding 60% (Cheatham 
et al. 1999). 

A cheap and simple method for monitoring the abdominal pressure is the mea- 
surement of the urinary bladder pressure, using a standpipe after filling of the blad- 
der with 100 ml NaCl. 

The normal range of urinary bladder pressure is between 0 and 7 mmHg. A rai- 
sed pressure up to 12 mmHg is found after an elective laparotomy without signs of 
a compartment syndrome. More than 12 mmHg are considered to be pathological 
and more than 25 mmHg lead to a manifest abdominal compartment syndrome 
(Iberti 1987). 

The only adequate treatment available is the immediate decompression of the 
abdominal cavity with reopening of the abdominal wound and creation of a laparo- 
stomy, which leads to an organ recompensation. 

It has to be emphasized that the prophylaxis of the compartment syndrome is as 
important as its treatment. Therefore it should be absolutely plain for every surgeon 
that a forced closure of the abdominal wall with application of retention sutures 
has to be avoided in any circumstance. If there is any doubt about the intraabdomi- 
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Fig. 1 . Laparostomy created with Vicryl mesh 



nal pressure, a temporary laparostomy (Fig. 1) should be used, even after the pri- 
mary operation. 

Several techniques for temporary closure of the abdominal cavity have been 
described. Beside the use of wound-zippers, adhesive and non-adhesive foils, towel 
clips or palisades, the implantation of meshes is the predominant method descri- 
bed in the literature. 

Advantages of the interposition of a mesh are the facilitation of access to the 
abdominal cavity and the preservation of the fascial layers. Through the mesh, a 
drainage of infectious material and fluids and a visual control of the underlying 
viscera is possible. The main advantage is the decompression of the abdominal 
cavity and, on the other hand, the protection of the decompressed organs from 
devisceration. If it is not possible to close the abdomen early after the laparostomy, 
a healing by secondary intention can be awaited. With a soundly created laparo- 
stomy an early mobilization of the patient is also feasible. 

Different mesh materials are conceivable theoretically for creating a laparostomy. 
The ePTFE mesh does avoid, due to its structure, the onset of fistula formation. On 
the other hand, the risk of a persistence of the infection is high and no fluid drainage 
and visual control can be achieved. Another argument against it is the high cost. 

Polypropylene is a well-manageable material, but because of the high rate of 
fistula formation (-75%) the use for laparostomy with direct contact to the viscera 
cannot be recommended. 

Meshes from polyglactin or polyglycolacid (e.g. Vicryl) offer the advantages of 
low fistula formation, a good fluid drainage and inexpensive costs. The main dis- 
advantage seems to be the loss of stability by the material within 2 weeks and the- 
refore the obligatory development of an incisional hernia when a secondary clo- 
sure of the abdomen cannot be achieved after 14 days. 
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In our clinic the use of a polyglactin mesh for laparostomy is a standardized 
procedure. The fixation is done with a 0 USP running suture at the fascial layer. 
If possible an interposition of the greater omentum between the mesh and the 
covered viscera is carried out. An approximation of the fascial margins and cen- 
tralization of the rectus muscles is aspired. The combination with adhesive foils 
and drainage bags avoids the uncontrolled loss of fluid and heat. 

Analyzing our own experience with 377 laparostomies, the main indications 
have been peritonitis and mechanical bowel obstruction (Table 1). In contrast to 
the use of polypropylene the fistula formation rate with polyglactin has been low 
(3%; Table 2). 



Table 1. Indications for laparostomy. (Chirurgische Universitatsklinik RWTH Aachen 1988-1999) 



Indications 


n=377 


Trauma 


12% 


Peritonitis 


57% 


Mechanical obstruction 


16% 


Intestinal ischemia 


10% 


Wound rupture 


4% 


Fasciitis 


1% 



Table 2. Complications of laparostomy 



Complication 


Patients 


Intestinal fistula using polyglactin mesh 


3 


Intestinal fistula using polypropylene mesh (abandoned after 1995) 


15 


Wound hemorrhage and mesh rupture 


10 



For the follow-up treatment two different possibilities have to be taken into 
account. If the definitive secondary closure of the abdominal wall cannot be 
achieved within 14 days, the presence of a laparostomy created with polyglactin 
mesh leads to a persistent fascial defect. The following treatment then can be a 
simple closure of the skin with healing of the superficial wound after 12 days. 
Alternatively, the application of a mesh graft on the laparostomy can be carried 
out or the spontaneus overgrowth by granulation tissue has to be awaited. All 
these alternatives lead to an obligatory occurrence of an incisional hernia. 

In our own data the definitive early closure of the abdomen was done in only 
18% of the cases. The rest of the laparostomies resulted in incisional hernias (Fig. 2, 
3). 

These facts lead to the problems caused by the actual available absorbable mesh 
materials for laparostomy. The weakness of the material can cause rupturing of 
the mesh or the suture material. The early resorption of the mesh induces an 
insufficient scar layer and therefore does not facilitate a physiological tissue regene- 
ration with a stable abdominal wall resulting. 
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Fig. 2. Measurement of urinary 
bladder pressure using 
standpipe 




Fig. 3. Secondary healing after 
laparostomy resulting in big 
incisional hernia 
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Thinking about an ideal mesh for laparostomy several requirements have to be 
considered. The mesh should offer an appropriate elasticity to avoid the occurrence 
of a secondary compartment. The mechanical stability has to be around 32 N/cm 
to ensure a mechanical replacement of the complete abdominal wall. A high bio- 
compatibility to prevent fistula formation has to be claimed. 

The ideal laparostomy mesh should furthermore be able to induce a physiologic 
tissue ingrowth with the possibility of a persistent abdominal wall replacement; and 
not at least the cost have to be feasible. 

As prospect for the future, the ideal laparostomy mesh may work as a scaffold for 
tissue engineering and therefore could offer the chance of a complete replacement 
of the abdominal wall defect. 
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Discussion 



LeBlanc: There seem to be not so many adhesions with Vypro. Would Vypro not be 
an alternative instead of the Vicryl mesh? 

Stumpf: I think the Vypro is too soft and not strong enough to give the approxima- 
tion of the rectus muscle. On the other hand, it’s more expensive than Vicryl mesh. 
Many surgeons just put a foil on the bowel and never use a mesh at all, but we think 
its better to use a mesh because you can achieve the rectus muscle approximation. 

Simmermacher: I wonder where you get the numbers of your classification of the 
abdominal compartment from. There is a trauma surgeon named Rotander who 
published on abdominal compartment syndrome in 1999 and his classification is 
different from yours. My second remark is that we use Mersilene mesh in combi- 
nation with an active drain for the same purpose as you use Vicryl with a passive 
drain and we did not see too many problems with this Mersilene mesh. 

Stumpf: We have not used the Mersilene mesh, but as far as I know there are some 
reports of fistula formation with Mersilene mesh. Concerning the compartment 
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classification, I think it depends on the type of measurement you use. Besides the 
figures the most important point is that you look at the clinical findings and the 
pressure. An elevated pressure alone is never an indication for a surgical proce- 
dure. 

Deysine: We never put a mesh, but only place wet dressings. 

Stumpf: The advantage of the mesh is that you can approximate the fascial edges 
and avoid these very large hernial defects. 

Conze: By using the mesh you will have much fewer difficulties in closing the abdo- 
minal wall later on. 

Becker: In septic patients there is a certain risk of compromising the fascial edges 
with the mesh sutured to it. Furthermore you have to replace the mesh after the 
fourth or fifth relaparotomy and the erosion will proceed. Because of this we stop- 
ped using the mesh under septic conditions. 




30 The Use of Prosthetic Mesh for the 
Pediatric Hernia Repair 

L.J. Soto III, D.A. Saltzman 



Introduction 

The most common hernia repairs performed today in the pediatric population are 
for inguinal hernia, umbilical hernia, and congenital diaphragmatic hernia. The 
use of prosthetic mesh in these patients is rare, however not uncalled for. The fol- 
lowing is a review of the more common clinical scenarios in which one would use 
prosthetic mesh in a pediatric surgical practice, with a focus on pediatric inguinal 
hernia. 

Since inguinal hernia is probably the most frequent disease process encountered 
by pediatric surgeons, there is a wealth of information regarding its management. 
Unlike the adult population, hernias in the child are almost exclusively indirect in 
nature, a result of the embryologic pathology involved. Although the primary repair 
of inguinal hernias in the child requires a high ligation of the hernia sac, indicati- 
ons for a mesh repair do exist. Furthermore, there are a host of associated risk fac- 
tors for the development of inguinal hernia in children. Understanding these risk 
factors allows a surgeon to optimize management in select patients, which may ent- 
ail the use of surgical mesh. In the following review, we will outline the more com- 
mon pediatric hernias (inguinal, umbilical, and diaphragmatic) and the indications 
for a mesh repair. 



Inguinal Hernia 

Embryology 

A persistent patent processus vaginalis (PPV) is the primary factor for the deve- 
lopment of an inguinal hernia in the child [22, 29]. In fetal development, the pro- 
cessus vaginalis develops during the third month of gestation as an outpouching 
of peritoneum through the internal ring [22]. By the seventh month, the proces- 
sus vaginalis attaches to the testes as it begins migration into the scrotum [33]. The 
gubernaculum seems to guide testicular descent, however the processus vaginalis 
may play a role in providing additional force in displacing the testicle into the scro- 
tum [33]. Since the testes and testicular vessels are retroperitoneal in origin, they 
lie anterior to the processus vaginalis as they migrate through the inguinal canal, 
which accounts for the posterior location of a hernia sac in relation to the cord 
structures [39]. 
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Fig. 1 . Types of inguinal pathology 
encountered, depending on the degree 
of incomplete obliteration of the 
processus vaginalis 




Hydrocele of Cord Communicating 

Hydrocele 



After completion of testicular descent, the processus vaginalis obliterates sponta- 
neously during the final weeks of gestation [33]. Failure of the processus vaginalis 
to obliterate can produce a hernia or hydrocele, depending upon what occupies the 
space, where incomplete obliteration occurs and the caliber of the defect (Fig. 1). 
Abdominal viscera can protrude into the inguinal canal or completely into the 
scrotum to produce a hernia. If a cystic structure is formed, it can secrete excess 
fluid and form a hydrocele. When fluid can enter the sac to and from the perito- 
neal cavity, a communicating hydrocele is formed. 

The exact timing of processus vaginalis obliteration is a matter of contention. 
Some studies have reported its patency in 50-90% of infants at autopsy [22]. Adult 
postmortem studies have identified patent processus vaginalis without significant 
hernia pathology in 15-37% of people [22]. It is therefore evident that PPV alone 
will not develop into a hernia and most likely requires other predisposing factors. 

Incidence and Risk Factors 

Inguinal hernias occur in approximately 0.8-4.4% of children, depending on the 
age of the child [8, 29, 35]. Incidence is highest in the first year of life and one third 
of pediatric patients with inguinal hernia will present in their first 6 months [17]. 
Boys have a six-to-nine-fold increase in incidence compared to girls. Additionally, 




308 



VII Indications for Mesh Repair Today 



60-80% of pediatric hernias will be right-sided, a tendency that is observed in both 
sexes equally [3, 14, 22] 

Premature infants have a much higher incidence of inguinal hernia as compa- 
red to their full-term counterparts [26, 30]. Hernia rates have been reported bet- 
ween 15 and 30% in preterm and very low birth weight (<1500 g) infants, with 
bilateral inguinal hernia presentations in as many as 20-60% of these infants 
[30, 35], The reasons for this finding are unclear but may be related to premature 
vaginal delivery. Testicular descent is not complete at the time of delivery, thus 
a larger caliber PPV is present when the child is delivered, at which time a large 
increase in intraabdominal pressure is imparted to the child [26, 29]. 

There are several associated factors which can predispose the pediatric 
patient to the development of an inguinal hernia. Increases in intraabdominal 
pressure with peritoneal dialysis and ventricular-peritoneal shunts can increase 
the likelihood of inguinal hernia development [5, 11]. Patients with connective 
tissue disorders such as Marfan’s syndrome and Ehlers-Danlos syndrome have an 
increased incidence of inguinal hernia [22]. Children with cystic fibrosis and a 
history of bladder extrophy have an increased incidence of inguinal hernias 
[16, 18, 23]. Interestingly, many of these patients have an increased likelihood of 
a direct component of their hernia and thus one can see a recurrence of 56% if 
a simple high ligation of the sac was performed [6]. Therefore, it is strongly 
recommended that a tension-free reconstruction of the inguinal floor be per- 
formed in the pediatric population with a history of these co-morbid conditions 
[6,22] (Table 1). 



Table I.Risk factors for congenital inguinal hernia 



Prematurity 


Undetoended testes 


Low birth weight 


Repair of omphalocele/gastroschisis 


Peritoneal dialysis 


Ehlers-Danlos syndrome 


Ventricular peritoneal shunt 


Marfan syndrome 


Ascites 


Hunter-Hurler syndrome 


Bladder exstrophy 


Cystic fibrosis 



Clinical Presentation 

A bulge in the inguinal crease may be present at time of birth, but may not deve- 
lop for years later. On physical exam, it is usually a firm mass lateral to the pubic 
tubercle and often extends into the scrotum with straining. A great majority of 
pediatric inguinal hernias are easily reducible. Of note, a retracted or incompletely 
descended testicle may resemble an inguinal hernia, so the location of the testes 
should be noted prior to reduction of a hernia. Additionally, the ovary may herniate 
in a girl, which has a high rate of torsion and infarction [22]. 

Often parents will describe a bulge when the child strains (as wit|i laughing, cry- 
ing or moving the bowels) which spontaneously resolves. In the office, an infant 
can be induced to simulate a Valsalva maneuver by placing him or her supine on 
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the exam table, while extending the legs and restraining the arms overhead. An 
older child may be requested to blow up a balloon [22]. 

Occasionally, clinical signs of a hernia cannot be elicited in the office. In such 
cases, the »silk glove sign« can be used. It is a documented finding on physical 
exam, notable for a thickening of the spermatic cord palpable as it crosses the 
pubic tubercle. It can be used as a diagnostic aid when an inguinal hernia is hig- 
hly suspicious by history but cannot be elicited on physical exam [22, 39]. 

A hydrocele can usually be differentiated from a hernia in the office. Usually 
parents report a history of stable or very slow growth. These scrotal masses can be 
transilluminated with a penlight but this technique does not ensure the absence 
of a hernia. A noncommunicating hydrocele is a firm scrotal mass that will not 
reduce in size with gentle pressure. Noncommunicating hydroceles can be mana- 
ged with observation as most will spontaneously resolve within 1 year. If the history 
suggests changing sizes of the inguinal mass, a communinicating hydrocele should 
be suspected. On physical exam, gentle pressure will induce flux of fluid back into 
the peritoneal cavity. Communicating hydroceles should be regarded as hernias 
and treated as such [22, 39]. 

Management 

Any inguinal hernia requires operative repair. Less urgent are reducible hernias, 
which can be planned for an elective procedure. The incidence of incarceration in 
the pediatric population is largely age-dependent. It is highest in the first months 
of life and has been reported to be 15-20% in premature infants [20, 30]. Unlike 
the adult population, incarcerated hernias in infants will almost uniformly pro- 
gress to strangulation [22, 39]. Therefore, any incarcerated inguinal hernia requi- 
res urgent repair. 

For a nonreducible hernia that does not appear ischemic by exam, an attempt 
at reduction with sedation should be performed. The infant is typically sedated in 
a monitored setting. An ice pack may be placed on the hernia to reduce the edema, 
but care should be taken to prevent hypothermia in a newborn [39]. Placing the 
patient in Trendelenburg position may also aid spontaneous reduction [22]. If 
successful, an elective repair is scheduled in 1 or 2 days to allow the local edema 
to resolve. Delaying repair longer than 4 days after reduction of an incarcerated 
inguinal hernia has been shown to result in re-incarceration in as many as 15% 
of patients [9]. If unsuccessful reduction is encountered, urgent repair should be 
carried out. 

Fortunately, the vast majority of hernia repairs can be performed safely on an 
outpatient basis. In infants, general anesthesia allows for better airway control 
[22]. Regional anesthesia with sedation and assisted ventilation can be performed 
in the older child. Rectal acetaminophen is given prior to the procedure and a cau- 
dal block is often used as an adjunctive for immediate postoperative pain [22]. 

There are select patients that require overnight admission to the hospital, not- 
ably infants who are less than 60 weeks postconceptual age. These children are at 
increased risk for postoperative apnea and bradycardia which may require resus- 
citative measures [22, 39]. There have been reports showing a lower incidence 
of apnea/bradycardia in high-risk infants when spinal anesthesia is used [38]. 
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Therefore, spinal anesthesia should be considered a good alternative to general 
anesthesia in appropriate, high-risk patients. 

With the advancement of neonatal care, the survival of premature and very 
low birth weight infants has improved. As stated, the incidence of inguinal hernias 
in these patients can be as high as 30% and a large portion present with bilateral 
disease [30, 35]. The technical feasibility of an operation on an extremely small 
child with delicate cord structures can be challenging. In such cases, given the 
small size and significant operative anesthetic risk to the patient, hernia repair in 
premature and low birth weight infants should be delayed until immediately prior 
to discharge, if possible. While in the neonatal intensive care unit, infants receive 
high intensity physician and nursing care. A nonreducible hernia is therefore 
more likely to be noticed by experienced caregivers, and delay has been shown to 
be relatively safe [20]. 

Surgical Repair 

In children, high ligation of the hernia sac is the mainstay of operative treatment. 
A transverse skin-fold incision is made above and lateral to the pubic tubercle. 
The exact location of the incision will vary depending on the age of the child. As 
the child ages, the incision site should be placed more lateral to the pubic tubercle. 
In infants, the inguinal canal is very short and the internal ring is usually accessi- 
ble through the external ring, thus a more medially placed incision is appropriate 
[22]. As the child ages, the canal lengthens and by early adolescence an incision 
location between the pubic tubercle and anterior superior iliac spine is used. The 
incision should be long enough to allow atraumatic manipulation of the cord struc- 
tures as the spermatic vessels are easily damaged [22]. 

Scarpa’s fascia is identified and incised. This subcutaneous layer is much more 
developed in children and can be sometimes confused with the aponeurosis of the 
external oblique. The underlying fatty tissue is cleared from the external oblique 
aponeurosis. The external ring is then identified and its boundaries are delinea- 
ted. The newborn’s internal ring can be easily accessed through the external ring, 
since they lie nearly on top of one another [22]. As the child ages, the internal and 
external rings migrate apart. A small incision in the external oblique, in the direc- 
tion of its fibers, is thus required in the older child. It is not necessary to carry the 
incision through the external ring although it may be performed if needed for 
proper exposure. Superior and inferior flaps are created through the incised exter- 
nal oblique aponeurosis and care is taken to prevent damage to the ilioinguinal 
nerve. Using care, the cremasteric fibers are separated and the sac is identified. It 
is not necessary to completely dissect the cord structures nor attempt to lift them 
out of the wound, as damage to the vas deferens or transversalis fascia may occur. 
Using forceps, the sac is carefully dissected, with care taken to prevent grasping 
and injuring the cord structures. If a tear in the sac is encountered, the edges 
should be clamped with hemostats to prevent the tear from extending beyond the 
internal ring. The sac is opened and after confirmation that it is empty, it is twisted 
and suture-ligated at the level of the internal ring. It is not necessary to remove 
the distal sac as doing so may injure the cord structures and/or cause hematoma 
formation. Occasionally, a dilated internal ring is encountered and can be narro- 
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wed by placing one or two sutures in the transversalis fascia, inferomedial to the 
cord structures [14, 22]. The testicle is then returned to its correct anatomical 
position. Finally, the external oblique aponeurosis and Scarpa’s fascia are closed 
with interrupted sutures, the skin closed with fine subcuticular suture and rein- 
forced with adhesive strips or collodian. 

Female Considerations 

Frequently, the fallopian tube is in the hernia sac or may become part of the sac 
wall as a sliding hernia [14, 22, 39]. For these reasons, when performing an ingui- 
nal hernia repair on a young girl, the hernia sac should be inspected for the pre- 
sence of a fallopian tube prior to ligation. If the fallopian tube is involved in a sli- 
ding hernia, the sac should be ligated distal to the tube to prevent injury [22]. If 
this process does not produce a high ligation of the hernia sac, the sac should be 
invaginated through the internal ring and the internal ring closed with one or two 
sutures in the transversalis fascia to prevent re-herniation [22]. 

Contralateral Disease 

There has been much discussion regarding exploration of the contralateral groin 
in infants undergoing inguinal hernia repair [3, 10, 17, 30, 32, 35, 36, 37]. Propo- 
nents supporting routine exploration cite high rates of contralateral patent pro- 
cessus vaginalis (CPPV) in infants undergoing repair [17]. Although the incidence 
of CPPV is reported to be as high as 70% [17], the number of persons who will 
develop a subsequent hernia is much lower at 7-20% [3, 22]. Since routine explo- 
ration of the contralateral groin is not without risk (potential damage to sperma- 
tic cord or testicular vessels), there has been much investigation to identify which 
patients have a higher risk of developing a contralateral inguinal hernia in order 
to avoid an unnecessary procedure. 

It is established that contralateral hernias most often occur in infants in the 
first 2 years of life. Therefore many surgeons use a dictum that advocates routine 
exploration of the contralateral groin in all infants [17, 35]. Others have limited 
exploration to infants younger than 6 months. Additionally, it is known that right- 
sided hernias occur at a frequency of approximately 60% [22, 39]. Many pediatric 
surgeons use this information to limit contralateral exploration of the right groin 
in infants undergoing left-sided hernia repair [39]. 

Since the incidence of CPPV is similar in both sexes, many surgeons advocate 
contralateral exploration in infant girls, as there is no significant increase in dama- 
ging vital structures [37] However, injury to the fallopian tube can and does occur, 
so this approach is most likely not justified. Others have proposed to limit routine 
contralateral inguinal exploration in girls who present with left-sided hernias and 
who are younger than 2 years, as the incidence of CPPV in this patient population 
drops off markedly by 3 years of age [17, 37]. As one can see, opinions vary widely 
and there is yet another group of surgeons who feel that routine contralateral explo- 
ration is not justified under any circumstance [3, 10, 36]. 
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Laparoscopy 

The creation of high-quality, smaller laparoscopic equipment is rapidly advancing. 
Therefore laparoscopy has become a significant tool in the armamentarium of a 
pediatric surgeon and a fairly large experience using laparoscopy to evaluate for 
CPPV has accrued [7, 15, 25, 32]. Laparoscopic evaluation of CPPV requires crea- 
tion of pneumoperitoneum and cannulation of the ipsilateral inguinal hernia sac 
using an angled scope. Using this technique, multiple groups have been able to 
successfully identify patency of the processus vaginalis and perform open repair 
if one exists [15, 32]. Holcomb reports that 90-95% of CPPV can be identified using 
ipsilateral groin cannulation [15]. Laparoscopy additionally allows for evaluation 
of femoral hernias, which would otherwise go unnoticed. Perlstein and DuBois 
reported on the use of laparoscopy for diagnostic purposes in patients undergoing 
recurrent inguinal hernia repair and they identified femoral hernias in 44% of 
these patients [27]. 

Recently, Burd et al. proposed a decision tree for the management of CPPV [4]. 
The study included analysis of morbidity, mortality and the varying costs asso- 
ciated with contralateral groin observation, laparoscopy, or routine exploration. 
They concluded that observation of the contralateral groin was the most cost-effec- 
tive, resulted in a reduction in morbidity for spermatic cord injury, and afforded 
a minimal increase in anesthesia related morbidity associated with a second ope- 
ration. Furthermore, they concluded that laparoscopy is favored for patients with 
a high incidence of contralateral inguinal hernia development and routine explo- 
ration should be reserved for instances where laparoscopy cannot be performed 
due to patient size or a preference for spinal anesthesia [4]. 



Complications 

Recurrence 

Inguinal hernia recurrences are generally low, ranging from 1-8% [8, 14, 28, 
35]. Associated co-morbidities such as prematurity, low birth weight, incarcera- 
tion, connective tissue disorders, peritoneal dialysis, ventricular-peritoneal 
shunts, and wound infection account for the majority of recurrences [8, 12, 14]. 
Occasionally, a direct hernia may develop in follow up, indicating that damage 
to the floor of the inguinal canal may have been imparted during the primary 
repair. 

Spermatic Cord Injury 

The vascular supply to the testicle is very delicate, especially in the neonate. In 
addition, dissection of an edematous sac in an incarcerated hernia puts the testi- 
cular artery at high risk for injury and testicular infarction. Electrocautery is ano- 
ther source of injury and should be used with extreme caution in the vicinity of 
the spermatic cord. The incidence of testicular arterial injury is often quoted as 
1%, although the true incidence is not known [22, 39]. 
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Injury to the vas deferens is incurred in several ways. The first is through gra- 
sping with forceps or a hemostat, which can cause permanent occlusion. The vas 
can also be suture-ligated with the sac or simply divided inadvertently. The inci- 
dence of vas deferens injury is not known but is most likely about 1%, as determi- 
ned by the pathologic finding of vas deferens tissue in hernia sac tissue [39]. Bila- 
teral vas deferens injury results in sterility. Unilateral injury may also lead to the 
development of sperm agglutinating antibodies and subsequent infertility [39]. 

Strangulation 

An incarcerated inguinal hernia progresses to strangulation in children. Occasio- 
nally, during exploration for incarcerated inguinal hernia, one encounters bowel 
of questionable viability. In such instances, an attempt to decompress the bowel 
mesentery should be performed by wrapping it in warm gauze [22, 39]. If it fails to 
regain arterial pulsation, peristalsis or is obviously necrotic, a resection should be 
carried out. The resection can be performed through the hernia incision or through 
a separate abdominal incision. In the latter case, after reduction of viscera into 
the abdominal cavity, the resection is performed. Great care should be made when 
dissecting the cord structures, as most cord injuries occur during emergency repair 
for incarceration or strangulation. Finding a cyanotic testicle during an emergent 
exploration is common, and perfusion usually improves after reduction of the her- 
nia. If there is a question of viability, the testicle should not be removed but retur- 
ned to the scrotum [22, 39]. 



Mesh Repair in Pediatric Inguinal Hernia 

The role of mesh in repair of pediatric inguinal hernias is limited. In infants the 
recurrence rate for inguinal hernia repair performed using high ligation of the sac 
has been reported from 0.8-4.4% [8, 14]. In premature neonates the recurrence 
rate may be as high as 8.6% [28]. Nevertheless, given the generally low recurrence 
rate, a mesh repair is rarely indicated. When inguinal hernias present in adoles- 
cence as a primary or recurrence, a large portion either have a direct component 
or have incurred substantial attenuation of the internal ring. In these instances, 
pediatric surgeons are divided between what repair should be performed. Many 
will use a tissue repair such as a Cooper’s ligament repair [12]. Others will per- 
form a Lichtenstein repair or a plug with patch system using polypropylene mesh 
[19, 23]. There is little literature available regarding the efficacy of either mesh 
system in pediatric patients. Of the many large studies evaluating the efficacy of 
surgical mesh, a few have included the pediatric population. These studies have 
included patients 15-18 years of age and combine all ages in the analysis. No study 
has evaluated solely pediatric patients. Most likely, this finding stems from the small 
numbers of adolescent patients presenting for hernia repair. Nevertheless, those 
that have included adolescent patients report recurrence rates as low as 0-0.002% 
and are undoubtedly equally effective in adolescents as in adults [19, 24]. 

In our practice, we strongly advocate the use of prosthetic mesh in the pediatric 
population who have co-morbid diseases such as cystic fibrosis or a connective 
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tissue disease. In these particular pediatric patients, they are at a very high risk 
of recurrence when a primary repair is used thus a mesh repair at the initial 
repair is justified. In addition, we have used prosthetic mesh in patients as young 
as 2 months who have experienced a recurrence after high ligation of the sac. 



Umbilical Hernia 

Umbilical hernia is a congenital disease that affects girls more frequently than boys 
and is seen more frequently in children of African ancestry [13]. Fortunately, for 
lesions smaller than 2 cm, 80% will regress spontaneously [13]. Additionally, as 
opposed to inguinal hernias, umbilical hernias rarely become incarcerated. For 
these reasons, umbilical hernias are observed until age 12 to 18 months before 
surgical repair. For most umbilical hernias in children, a primary repair of the fas- 
cia using absorbable monofilament suture is used with very low recurrence rates. 
For recurrent umbilical hernias in children and primary umbilical hernias in the 
adolescent, many surgeons have adopted the use of a polypropylene mesh plug 
for small hernias (3 cm) and polypropylene sheet for larger defects. In both tech- 
niques, the prosthesis is anchored to fascia using nonabsorbable monofilament 
suture. The recurrence rate for mesh repair in one large study that included ado- 
lescent children (ages 14-18) was 1% [2]. 

Diaphragmatic Hernia 

Congenital diaphragmatic hernia (CDH) is a highly morbid defect. Mortality for 
CDH ranges from 30-60%, despite advances in the care of critically ill neonates 
[1]. An explanation for this finding is largely due to the intrathoracic volume loss, 
secondary to bowel herniation into the pleural space. As a result, normal lung matu- 
ration is prevented, resulting in pulmonary hypoplasia [1]. The severity of pulmo- 
nary hypoplasia depends on the timing of visceral herniation into the chest, as 
earlier herniation will impart a larger amount of impedance to bronchiole divisi- 
ons and vascular development [1]. The amount of bowel in the chest also plays a 
role; those with larger amounts of herniated viscera will have a more severe pul- 
monary dysplasia [ 1 ] . 

Treatment of CDH involves preoperative stabilization to control pulmonary 
hypertension and persistent fetal circulation [1]. This is usually carried out with 
mechanical ventilation, high-frequency ventilation, inhaled nitric oxide and/or 
extracorporeal membrane oxygenation (ECMO), if necessary. After stabilization, 
surgical repair is undertaken using an abdominal approach. A hernia sac, if found, 
is excised. The diaphragmatic defect is then delineated. Small defects can be repai- 
red primarily using nonabsorbable sutures. Larger defects may benefit from the 
placement of polytetraflouroethylene (PTFE) mesh [1]. The use of mesh in this 
instance recreates the natural dome of the diaphragm and thus allows for better 
lung expansion. It also improves chest wall compliance, as less tension is applied on 
the repair. More recently, the use of intestinal submucosa-derived collagen matrix 
mesh (Surgisis, Cook, Inc) has been advocated for use in the infant with a CDH. 
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The use of collagen-coated Vicryl mesh has been attempted but is inadequate for 
CDH, as early recurrences are seen frequently [31]. 

Recurrence of large CDH is between 5 and 20% and occurs more frequently 
when a mesh repair is performed and when the infant required ECMO for survi- 
val [1]. When recurrence occurs following the initial repair, several approaches 
have been advocated. Some authors prefer a transabdominal approach while others 
prefer a latismus dorsi flap via a thoracic approach [1, 21]. We prefer a thoracic 
approach for the placement of a Marlex plug, with or without a polypropylene 
mesh overlay. We have demonstrated this technique to be quite effective, without 
evidence of further recurrence in five patients [34] (Table 2). 



Table 2. Types of mesh used in pediatric hernias 



Inguinal hernia 


Polyprotylene Gore-Tez, Teflon, PTFE (laparoscopic) 


Congenital diaphragmatic hernia 


PTFE Marlex plug (for recurrence) 


Umbilical hernia 


Polyprolene 


Incisional hernia 


Gore-Tex 


Large abdominal wall defects 


Gore*Tex PTFE 



Conclusions 

The use of mesh repairs of hernia, whether inguinal, umbilical, or diaphragmatic, 
is limited in the pediatric population. We strongly advocate a tension-free mesh 
repair in children with inguinal hernias and co-morbid diseases that place them 
at an increased risk for recurrence. The use of a mesh repair in an umbilical her- 
nia is limited in the young child and advocated in the young adult. Finally, the 
use of mesh in the repair of diaphragmatic hernias is necessary when there is 
limited posterior rim to accomplish a tension-free primary repair. Recurrent CDH 
are best approached via a thoracic incision and it has been shown that a mesh plug 
may represent a very effective repair. 
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Discussion 



Nyhus: When do you use a Marcy repair? 

Saltzman: The only indication for a Marcy repair is a baby girl with a sliding hernia. 

LeBlanc: Do you send the hernial sacs that you excised to the pathologist? 

Saltzman: Always, because I can prove that there is no vas deferens in the hernial 
sac. 

LeBlanc: Do you use Surgisis in diaphragmal repair? 

Saltzman: I used it five times. From the theoretical point of view it is much bet- 
ter than ePTFE because it is a matrix for the ingrowth of collagen and it closes 
the defect with connective tissue, and this is what we want. ePTFE is smooth 
and comfortable in the beginning, but later on it bulges up and the repaired dia- 
phragm stands much higher than the other side. 

LeBlanc: With the use of the Perfix plug in adult hernia repair there are some 
reports of migration and erosion of the mesh material. Don’t you fear this migra- 
tion in your children? 

Saltzman: Up to now I never saw a migration or erosion of the Perfix plug after a 
diaphragmal repair. We don’t dissect the peritoneal sac and use the Perfix plug just 
to push the peritoneal sac back in the abdomen. 

Schumpelick: We use mesh in the repair of diaphramal hernia, and we have the 
impression that the mesh shrinks with time. What is your experience in that. 

Saltzman: We saw only a little shrinkage of the mesh. After the repair the rest of 
the diaphragm grows normally and the mesh seems to be nearly of the same size 
throughout the process of growing. 
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Schumpelick: Why don’t you do your repair laparoscopically? It would be easy to 
do so. 

Saltzman: Some surgeons are doing so, I do not. We are talking about an incision 
of 1 cm for a repair. So I think its not worthwhile to do it by laparoscopy. 

Bendavid: I often see adults with a hernia who had a repair in childhood. How long 
do you follow your patients? 

Saltzman: We talk about apples and oranges. A hernia a child is a patent proces- 
sus vaginalis. If this person has an inguinal hernia at the age of 15 or 16 years this 
is a completely different disease. 

Bendavid: I don’t know whether its really different. 

DeBord: Why do you put this stiff piece of mesh into your rare patients with a small 
recurrence, when you could use much softer types of meshes? 

Saltzman: It has to do with where the recurrence is. Remember, it’s posterior, it’s 
medial, it’s right next to the esophagus and there is no esophageal hiatus and no 
crura there. It’s esophagus, sac and rest of the diaphragm. There is nothing to sew 
to. I don’t want to take the mesh anywhere, and the idea was just to fill up the gap. 




31 Meshes in Reconstructive Plastic Surgery 



H.U. Steinau, L. Steinstraesser, M. Lehnhard, T. Rauer, D. Druecke 



Introduction 

In cases of extended tumor resection, posttraumatic tissue loss or severe destruc- 
tion due to infection, reconstructive plastic procedures allow for rehabilitation of 
form and function. Autogenous replacement should be preferred. In the past, free 
fascia and dermal grafts were transplanted to restore mechanical stability, while 
actual techniques recommend multilayer well-vascularized flaps to achieve better 
long time results and to reduce the incidence of wound healing complications [3, 
7, 11]. Large full-thickness defects of the trunk or complex tumor eradication inclu- 
ding major joints are likely to require implantation of foreign material to regain 
mechanical stability and to preserve residual function. The alternative procedures 
are depicted in Table 1. 

Table. 1 . Meshes: requirements 

• Tissue compatibility 

• Porous structure (drainage) 

• Elasticity and permanent stability 

• Reduction of OA time 

• No donor site morbidity 

• Degradation and tumorigenesis? 



In cases of large fungating tumors the potential risk of wound-healing disturban- 
ces will be diminished by porous structures allowing for continuous drainage of 
wound sinuses. Elasticity, tissue compatibility and permanent stability over years 
are further factors to be integrated into the election process [1, 8]. Donor site mor- 
bidity, reduction of the time span for the operation and tissue reaction to the for- 
eign material including tumorigenesis are in addition estimated as important para- 
meters [2] (Table 2). 

The following difficult clinical indications demonstrate the possibilities and 
limitations of Prolene mesh implantation. The described selection criteria, tac- 
tical and technical factors will aid decision making in complex reconstructive 
procedures. Successful outcome mainly depends on interdisciplinary preoperative 
planning, surgical specialization, perioperative, care and sufficient complication 
management. 



V. Schumpelick et al. (eds.) Meshes: Benefits and Risks 
© Springer-Verlag 2004 
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Table. 2. Prolene Mesh: Alternatives? 



• Vicryl mesh, Gore-Tex, . . . 

• Fascia lata 

• Cutis, dermis 

• Vascularized fascia flap (microsurg.) 

• Vascularized compound flaps (microsurg.) 

• Muscle separation (size) 

• External devices (pelotte,corsett) 



Mesh Repair in the Groin Area 

while the vast majority of different types of mesh implantations are performed in 
cases of inguinal or incisional hernia, extended tumor resection or full-thickness 
loss of the lower abdominal wall after infection will also require mesh support for 
stabilisation [1,4]. If the area of the inguinal ligament has to be removed, we pre- 
fer tailored duplicated Prolene mesh fixed and extended from the os pubis to the 
anterior spina pelvis. The internal surface is covered by a shifted fat-peritoneal 
sheath, which should be sutured to the mesh to avoid peristaltic shear lesions of 
the intestine [9]. Care must be taken to end up with neither a stenosis of the femo- 
ral vein nor with a sharp rim at the site of the pulsating femoral artery or the femo- 
ral nerve. Again, the construction should be covered with well-vascularized tissue, 
while fascia or muscle parts should be used to form a protective soft-tissue layer 
between the neurovascular structures and the mesh [10]. 

In smaller defects, transposition flaps of the lower abdomen will be sufficient for 
external closure, while in extended cases a turnover rectus femoris muscle flap, a 
vertical rectus abdominis myocutaneous flap (VRAM), or microsurgical free tis- 
sue transfer should be applied. If ilioinguinal lymphnode dissection has to be done, 
careful preservation of the dominant supplying blood vessels to the tensor fascia 
lata, the VRAM, and the satorius muscle will preserve a better chance of autoge- 
nous tissue reconstruction in the groin. 

Tumor resection tactics and reconstructive options should be discussed prior 
to the surgical procedure. 



Mesh Repair Following Laparostomy 

Extended full-thickness loss of the anterior abdominal wall after life-threatening 
intraabdominal infection and sepsis presents challenging problems. During the 
reconvalescence phase of the patient who had been subjected to intensive care 
treatment, simple coverage of the viscera with mesh graft should be preferred for 
primary treatment. 

At a second stage, with the patient in stable clinical condition, definite closure 
of the abdominal wall is indicated. In two-stage procedures, shrinking mesh graft 
transplants will considerably decrease the diameter of the defect after an interval 
of 3-4 months. Removal of the mesh graft from the protruding viscera or treatment 
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of fistula formation of the small intestine should be done in close cooperation with 
an experienced general surgeon. Among the treatment options, separation of the 
muscle components of the abdominal wall and/or conventional turnover fascia 
flaps should be preferred, if the patient refuses the implantation of foreign mate- 
rial or if the defects are of limited extension [5]. In large full- thickness gaps, howe- 
ver, meshes serve as sufficient stabilizing structures. Up to now the discussion about 
the implantation techniques is still continuing, as sublay or onlay positions to the 
fascial rim are possible [3, 4, 8]. In our cases presented, the onlay procedure was 
preferred and the suture material 0-Prolene (running suture). 

In patients suffering from traumatic detachment of the abdominal rectus muscles 
in combination with rupture of the symphysis, bilateral mesh fixation should be 
done, employing transosseous sutures through bilateral drillholes in the os pubis. 
In male patients, lateralization of the inguinal channel with the spermatic cord is 
essential to prevent recurrent hernia formation. 

The most important factor for success is again the safe internal and external 
soft-tissue coverage. While the remaining omentum or advancement of the peri- 
toneum will prevent damage to the intestine, local flaps or pedicled myocutaneous 
flaps from the contralateral abdomen or the thigh will allow for external closure 
[6,7,10]. 

Meshes in Thoracoabdominal Defects 

In rare cases of malignant tumors infiltrating the thoracic wall, full-thickness 
excisions with safety margins of 2 to 5 cm should be covered with local myo- 
cutaneous flaps. If more than two rib segments had to be removed, painful her- 
niation of the liver in the right thoracoabdominal area is possible. In extended 
defects a flail chest developing paradox movements of the flap area could be 
expected. Following resection of the sternum, mediastinal herniation and para- 
dox bulging during coughs are likely to develop. In addition, the patients are irri- 
tated by the instable thoracic wall and lack of a protective layer for the beating 
heart, which is visible and palpable below their thin frontal soft tissue envelope. 
To stabilize the thoracic wall Prolene mesh is fixed with nonresorbable sutures 
either through the neighboring ribs or to the sternum with transosseous drill 
holes. Large defects of the thoraco-abdominal area will result in partial detach- 
ment of the diaphragm. It should be reinserted either to the cephalad rib seg- 
ment or to the Prolene mesh. Care must be taken to exclude the intercostal ner- 
ves and the visible segmental abdominal branches from the sutures. 

Case no. 1 (Fig. 1) depicts the resectional defect after T2 sarcoma of the right 
thoraco-abdominal region in a 52-year-old female. Prolene mesh was inserted to 
replace a five-rib segment gap and the diaphragm was transversely reattached with 
nonresorbable Prolene sutures. The external defect could be covered with a com- 
bination of a vertical and transverse rectus abdominis myocutaneous flap (anchor 
flap) allowing for synchronous reconstruction of the breast contour. As the donor 
site defect within the anterior rectus sheath harvests the risk for secondary inci- 
sional hernia formation, primary onlay of Prolene mesh served as additional sta- 
bilization of the anterior abdominal wall. 
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Fig. la-d. Defect following thoraco-abdominal resection of a soft tissue sarcoma. The extended 
full thickness gap could be covered by a Prolene mesh fixed to the ribs, the sternum and the 
abdominal wall musculature. The diapragm could be reattached to the mesh (a). To recon- 
struct the soft tissue deficiency a anchor flap based on the rectus abdominis muscle was ele- 
vated (b). The donor site defect was closed by onlay of a Prolene mesh (c). Result after recon- 
struction of form and function (d) 

While Prolene mesh does not require a protective tissue sublay on the pulmo- 
nary surface, exposed major vessels, a stripped aorto-coronary bypass or the 
heart following removal of the pericardium should be protected either by a pedic- 
led muscle flap and/or a omentum transfer (sandwich technique). 



Perineal Hernia 

Following exenteration procedures of the pelvic contents, loss of the urogenital 
diaphragm and of the external fascia and soft-tissue layers will result in painful 
perineal herniation, if early solid scar formation did not occur. The incidence of 
herniation increases after partial or complete resection of the os sacrum. To avoid 
these sequalae, reconstruction of a stable neodiaphragm could be performed by 
insertion of a tailored Prolene mesh, which should be fixed with transosseous sutu- 
res to the lower rami of the ossa pubis and the remnants of the sacrotuberal liga- 
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Fig. 2. Second recurrence of a perineal hernia after abdomino-perineal rectum exstirpation 
including a part of the posterior vaginal wall. A tailored mesh, fixed to the sacrum, sacro-tube- 
ral ligaments, remaining vagina, and the pubic bone, was used to reconstruct the pelvic floor 



ments. In the dorsal area the mesh is hooked to the remaining part of the sacrum 
or to the stabilizing orthopedic hardware. 

Case no. 2 (Fig. 2) demonstrates the insertion of Prolene mesh in an obese 
62-year-old female patient suffering from the second recurrence of a painful peri- 
neal herniation after abdomino-perineal rectum exstirpation including parts of 
the posterior vaginal wall with subsequent infection of the remaining cavity. Suc- 
cessful long-time result could be achieved by covering the implant externally with 
local well-vascularized advancement flaps and internally with parts of the elon- 
gated peritoneum - fat layer. Direct contact between Prolene mesh and small or 
big bowel must be prevented to avoid fistula formation. In extended exenteration 
the insertion of a pedicled omentum flap or a rectus abdominis flap routed through 
the extraperitoneal space into the defect should be taken into consideration. 

Reconstruction of the pelvic floor stability should be integrated primarily into 
the oncological treatment rationale. 



Shoulder Joint Suspension 

Malignant tumors within the shoulder joint region require adequate oncological 
resection and preservation of functional remnants. In the case of tumor penetra- 
tion into the glenoid cavity, complete removal of the humeral head, the rotator cuff 
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including neighboring muscles and parts of the scapula are necessary. Various 
methods have been described like Tikhoff Linberg procedure, alloarthroplasty or 
clavicula pro humero to avoid amputation and to gain sufficient arm suspension 
[10]. Case no. 3 (Fig. 3) demonstrates the resectional defect following compart- 
mental removal of a T2 osteosarcoma. Suspension of the alloplastic humeral head 
could be performed by wrapping Prolene mesh around the proximal 1/3. Follo- 
wing fixation with 0-Prolene sutures, attachment of the Prolene tube could be 
done employing transosseous nonresorbable sutures through drill holes within 
the distal clavicle and the spina scapulae. The very same procedure could be applied 
after extraarticular resection techniques including deperiostation, decortication 
and removal of cartilage layers, whereby the preserved denuded proximal hume- 
rus should be reattached. In either case the remaining parts of the rotator cuff and 
the pectoralis major are sutured to the Prolene mesh allowing for residual adduc- 
tion, internal and external rotation. Provided sufficient and mechanically stable 
soft tissues remain, passive abduction and safe suspension with limited permanent 
motility results. 

In cases of extended resection and adjuvant radiotherapy pedicled myocuta- 
neoiis flaps or free microvascular tissue transplantation will serve as save coverage 
of the alloplastic materials, to avoid protrusion, exposure, and loss of the implants 
due to infection [7, 12]. 




Fig. 3a-c. This 27-year-old female was admitted suffering from a T2 osteosarcoma of the left 
humoral head (a). Following extended resection including the prox. 1/3 of the humerus, the 
glenoid, the rotator cuff and parts of the clavicle (b) a suspension device was tailored for the 
inserted artificial humerus replacement (d). A Prolene mesh tube was fixed around the neck 
of the neo-humerus and through transosseous sutures within the clavicle and spina scapula 
(c). The postoperative result demonstrates stable suspension of the left arm without traction 
on the brachial plexus 
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Results 

Between 1992 and 2000 92 patients received Prolene mesh implants. In 52 cases 
large full-thickness resectional thoraco/abdominal defects were covered, while 15 
donor site defects of extended abdominal rectus flaps were supplied with stabi- 
lizing polypropylene. Major musculo-fascial deficiencies of the abdominal wall 
(N = 11) following peritonitis and/or laparostoma received staged mesh implants 
and another six patients underwent perineal hernia repair. 

Following oncological resection arthroplasty five patients required suspension 
of the original or the replaced humeral head by a tubed mesh technique. Three 
resection arthroplasties of the elbow joint were stabilized with the identical pro- 
cedure. 

Facing different implantations sites, only specific complications associated with 
mesh replacement are presented because of high variability regarding defect exten- 
sion, co-morbidity and disease stage. Due to large pre-irradiated fungating tumors, 
fistula formation and p.o. wound-healing complications led to partial reexision 
of the meshes in three cases, while the remaining implants were covered and inte- 
grated by granulation tissue. Three slim patients suffering from regional pain areas 
reported relief of their complaints after smoothening and trimming of the rim or 
folds. Complete removal of the mesh had to be performed in two cases, where onlay 
meshes were used on top of preexisting skin grafted viscera. In two patients recur- 
rent hernia formation was treated by repeated mesh implantation. 

Besides major complications, up to 40% of the patients presented pain, discom- 
fort, motility reduction, or contour deficiencies not related to mesh implantation 
but to the extended oncological resection and reconstruction. 

The technical recommendations resulting from our clinical complications are 
depicted in Table 3. 

Table. B.Meshes in reconstructive plastic surgery 

• Technical advice 

• Fixation : 0-prolene 

• Transosseous fixation (rib, pelvis) 

• (Coverage of knot and rim 

• Soft tissue and irradiation 

• Cavities (tumor resection) 

• Major blood vessels and nerves 



Summary 

• In major full- thickness defects of the abdominal wall Prolene mesh allows 
for preservation of the remaining functional muscle structures and serves as a 
mechanically stable replacement of the trunk wall. Refixation of the diaphragm 
to the mesh should be performed in thoraco-abdominal extent. 

• Paradox respiration, mediastinal herniation, and lack of a protective layer in 
exposed structures of the anterior mediastinum should be diminished by Pro- 
lene mesh implantation. 
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• To avoid entero cutaneous fistula formation, perforation, stenosis of maior ves- 
sels, irritation of nerve trunks, or ventricular muscle damage meshes should be 
covered bilaterally with well-vascularized tissue. 

• In cases of patients with thin subcutaneous tissue sheaths, double- or triple-mesh 
layers should be omitted as well as folded rims. 

• In resection,arthroplasty of the shoulder or elbow joint tubed meshes with sub- 
sequent scar formation serve as suspension devices to prevent painful traction 
injury to the brachial plexus or major nerve branches. 

• In postoperative infection of the implantation site, careful debridement, lavage, 
antibiotics coverage and permanent insertion of drainages will enable tissue 
overgrowth of the mesh. In rare cases only the implant has to be removed com- 
pletely. 

• Following tumor resection, traumatic loss, or infectious destruction, actual recon- 
structive plastic procedures routinely include polypropylene mesh implants as 
an essential tool. 
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Open Technique in the Groin 




32 Can the Lichtenstein Tension-Free Repair 
Wipe Out Hernia Recurrence? 

RK. Amid 



Introduction 

Tension-free hernioplasty was pioneered at the Lichtenstein Hernia Institute in 1984 
[1]. It has a worldwide reported recurrence rate of 1% or less and has been selected as 
the gold standard against which other procedures, particularly laparoscopic hernio- 
plasty, are compared in the American College of Surgeons’ hernia repair trial [2, 3]. 

As the name (which was coined by our group [4]) implies, the main goal of the 
tension-free hernioplasty is achieving a repair that is free of all tension, not only 
on the operating table, where the patient is in supine position, but also postope- 
ratively despite adverse effects such as the intraabdominal pressure gradient and 
contraction of the mesh. 



Intraabdominal Pressure Gradient 



Drye’s study of intraabdominal pressure [5] demonstrated a mean pressure of 
8 cm H 2 O with the subject supine. When the subject was standing, intraabdomi- 
nal pressure in the pelvic area increased to 12 cm H 2 O (Fig. 1). Various activities. 



Fig.l . Increased intraabdominal 
pressure and forward protrusion 
of the transversalis fascia from 
the supine position of surgery to 
standing position and during 
physical activities 



8cm 

H2O 
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such as straining and vomiting, increased pressure to more than 80 cm H 2 O. Increa- 
sed intraabdominal pressure causes forward protrusion of the lower abdominal 
wall, particularly the transversalis fascia. If the repair is to be completely tension- 
free, then forward protrusion of the transversalis fascia must be addressed. 



Shrinkage of Mesh 

Mesh contraction must also be considered during tension-free hernia repair. Accor- 
ding to our laboratory and clinical studies (reported during the 1996 American 
College of Surgeons meeting and published in 1997 [6]), after its implantation in 
vivo, the mesh shrinks by approximately 20% in both directions, a conclusion which 
was confirmed by Klinge et al. in 1998 [7] and by Urena et al. in 2000 [8]. 

During the early development of tension-free hernioplasty, we encountered 
several recurrences. In the late 1980s, these failures, along with consideration 
of intraabdominal pressure gradient and contraction of the mesh, prompted this 
author to establish the following principles [9]. 

The Key Principles of the Standardized Lichtenstein 
Tension-Free Hernioplasty 

1 . Use a large sheet of mesh that can be extended approximately 2 cm medial to 
the pubic tubercle, 3-4 cm above Hesselbach’s triangle, and 5-6 cm lateral to 
the internal ring (Fig. 2). We suggest using a 7x15 cm sheet of mesh for easy 
handling, then trimming 3-4 cm from its lateral side. The standard shape of the 
mesh, which resembles the tracing of a footprint, has remained the same since 




Fig. 2 . Demonstration of 
the nerves of the inguinal 
canal, extension of the 
mesh beyond the bound- 
ary of the inguinal floor, 
(which is marked by the 
dotted line) and the 
built-in dome-shaped of 
the mesh 
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Fig. 3 . CT scan image of a meshoma 



its introduction in 1993 [10] is used in 95% of cases, regardless of the size of the 
hernia. The medial end of the mesh has a sharp curve (on the great toe side of 
the foot) which fits in the angle between the inguinal ligament and anterior rec- 
tus sheath and a wider curve (on the little toe side of the foot) which spreads 
over the rectus sheath. 

2. Cross the tails of the mesh behind the spermatic cord to avoid recurrence late- 
ral to the internal ring (Fig. 2). Suturing the tails together in a parallel position, 
without crossing, is a known cause of recurrence in the internal ring area [11]. 

3. Secure the mesh with two interrupted sutures on the upper edge and one con- 
tinuous suture with no more than three to four passes on the lower edge of the 
mesh to prevent folding and movement of the mesh in the mobile area of the 
groin (Fig. 2). Fixation of the mesh prevents its movement, and folding which 
can cause recurrence of the hernia. Failure to fix the mesh, or inadequate mesh 
fixation can also result in wrinkling and wadding of the mesh converting it to a 
hard and abrasive three-dimensional mass of mesh (to which I have previously 
referred to as meshoma; Fig. 3 [12]). Mechanical pressure of the meshoma 
on the sensitive structures of the spermatic cord can lead to chronic post- 
herniorrhaphy inguinodynia [13]. 

4. Position the mesh in a slightly relaxed dome-shaped configuration (Fig. 2) to 
counteract the forward protrusion of the transversalis fascia when the patient 
stands up from the intraoperative supine position, and more importantly, to 
compensate for contraction of the mesh. The extra mesh of the dome has two 
functions: (1) Before the mesh is infiltrated by the patient’s tissue, the intra- 
abdominal pressure is applied only on the mesh - tissue suture line. During this 
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phase of the postoperative course, the extra mesh of the dome protects the repair 
by buffering the forward protrusion of the transversalis fascia caused by increa- 
sed intraabdominal pressure. (2) Approximately 1 month postoperatively, when 
the tissue has infiltrated the mesh and the implanted mesh contracts because of 
the scarring process, the extra mesh of the dome compensates for the contrac- 
tion. 

5. Identify and protect the ilioinguinal, iliohypogastric, and genital nerves 
through out the operation. The iliohypogastric nerve can be identified easily, 
while the external oblique aponeurosis is being separated from the internal 
oblique layer in order to make room for the 7-cm-wide mesh (Fig. 2). Being a 
natural anatomic cleavage, separation of these two layers from each other is 
easy, fast, and bloodless. The genital nerve is protected by keeping the easily 
visible blue external spermatic veins (to which I have referred elsewhere as the 
blue line [12]) with the spermatic cord while it is being lifted from the ingui- 
nal floor (Fig. 2). Preservation of the external spermatic vein protects the 
genital nerve which is always next to the »blue line«. Inadequate dissection 
and visualization of the nerves (the so-called minimal dissection) is the 
most common cause of nerve injuries and chronic postherniorrhaphy neuro- 
pathic pain [12-14]. 

A recently developed prosthesis (Davol, Cranston, RI) which features the exact 
shape and dimension of the area of the inguinal floor that should be covered and 
a built-in, dome-shaped laxity (Fig. 2), which addresses all the key principles of 
the open tension-free hernia repair, facilitates the procedure, and helps avoid 
recurrence. Because the required laxity of the mesh is built in, there is no need to 
suture the tails of the mesh to the inguinal ligament (as is the case when a regular 
flat sheet of mesh is used) to tent up the mesh and contribute to its needed laxity. 
Instead, the two tails are simply sutured together with only 0.5 to 1.0 cm of over- 
lap, thus further simplifying the operation. 



Conclusion 

As frequently stated by George Wantz, recurrence after mesh hernia repair, regard- 
less of the method, is a technique-related problem. Therefore, can the Lichtenstein 
tension-free repair wipe out hernia recurrence? My answer is: similarly to other 
mesh repairs, when performed correctly, yes it can. 



References 

1. Lichtenstein IL, Shulman AG, Amid PK, Montllor MM (1989) The tension-free herniopla- 
sty. Am J Surg 157: 188 

2. Fitzgibbons R (2000) Management of an inguinal hernia: conventional?, tension-free?, 
laparoscopic? or may be no treatment at all. General Session of the American College of 
Surgeons. 86th Annual Clinical Congress 

3. Neumayer LA (1999) CESTE coordinates clinical trial in hernia management. Bull Am Coll 
Surg 84 (4); 34-35 




Chapter 32 Can the Lichtenstein Tension-Free Repait Wipe Out Hernia Recurrence? - P.K. Amid 



333 



4. Wantz GE (1996) Experience with tension-free hernioplasty for primary inguinal hernias 
in men. J Am Coll Surg 193: 351-360 

5. Drye JC (1948) Intraperitoneal pressure in the human. Surg Gynecol Obstet 87: 472-475 

6. Amid PK (1997) Classification of biomaterials and their related complications in abdomi- 
nal wall hernia surgery. Hernia 1: 15-21 

7. Klinge U, Klosterhalfen B, Muller M, et al. (1998) Shrinking of polypropylene mesh in 
vivo: An experimental study in dogs. Eur J Surg 164 (12): 965 

8. Urena MAG, Velasco M (2000) Anatomia Funcional de la pared abdominal. Los espacios 
anatomicos para colocar una protesis. In: Fundamentos y techicas de la hernioplastia sin 
tension. Madrid, Spain, November 

9. Amid PK, Shulman AG, Lichtenstein IL (1993) A critical scrutiny of the open tension-free 
hernioplasty. Am J Surgl65: 369-71 

10. Amid PK, Shulman AG (1993) Tension-free repair of inguinal and aponeurotic hernias. 
Gior. Chir. 14 (3): 145-154 

11. Celdran A, Frieyro O, Souto JL, Villar S (2002) Study of recurrences after anterior open 
tension-free hernioplasty. Hernia 4: 85-87 

12. Amid PK (2003) The Lichtenstein repair in 2002: an overview of causes of recurrence after 
Lichtenstein tension-free hernioplasty. Hernia 7 (1): 13-16 

13. Amid PK (2002) A 1 -stage surgical treatment for postherniorrhaphy neuropathic pain. Tri- 
ple neurectomy and proximal end implantation without mobilization of the cord. Arch 
Surg 137: 100-104 

14. Amid PK (2002) How to avoid recurrence in the Lichtenstein tension-free hernioplasty. 
Am J Surg 184 (3): 259-261 



Discussion 



Read: What kind of mesh is it? 

Amid: Any monofilameted polypropylene mesh will do; obviously, we are using 
the Marlex, because this was the only one killing the plug, but many other meshes, 
as long they are monofilamented and macroporous polypropylene, will do. 

Flament: Have you ever observed an interstitial recurrence between the flat muscles 
and the prosthesis? 

Amid: Dr. Read and Dr. Nyhus originated this hypothesis. No one has published 
it. I know that some surgeons in this room have seen it, but this is a technical error. 
It happens when you have a large indirect hernia sac coming out. In that case, to 
avoid it you just have to do a Marcy suture or put a suture laterally in the ring. If 
you take a lateral suture you have to be careful of the ilioinguinal nerve. 

Gilbert: This dome-shaped mesh, is there a right- and a left-side package? 

Amid: You are right, there are two packages. It is just a marketing strategy. 

Gilbert: You did mention that you routinely open the posterior wall. 

Amid: Right. 
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O'Dwyer: I had the pleasure of meeting our colleague Shulman who came to our 
hospital in 1993 and demonstrated the operation as it has been done. Now, there 
are certain modifications; the cremaster muscle he always diverted transversally 
at the internal ring, he always identified the spermatic vessels and the genital nerve, 
pulling them down from the cord, he never opened the posterior wall looking for 
a femoral hernia. Secondly, regarding the hypogastric nerve since Brendon Dev- 
lin’s book we know from cadaver studies that the iliohypogastric nerve is missing 
in half of the patients. 

Amid: I see the hypogasric nerve in at least 95% of the patients. But your first 
question. We worked together for a long time, but we had some differences. Dr. 
Shulman liked to cut the cremastic and I don’t like that. At the very beginning he 
isolated the genital nerve and fixed it by two stitches to the inguinal ligament as I 
showed you. It took me a long time not to do that. After a while he stopped doing 
that. 

Read: You say in your diagrams that the intraabdominal pressure is about 8 cm of 
water. There is a shutter mechanism. As soon as you stand up you get contraction 
of the muscles of the groin, the actual pressure on the transversalis pressure will be 
the pressure of the abdomen as opposed to the pressure exerted by the muscles. 

Amid: Thinking about shrinkage of mesh we need some slag there to compensate 
for the shrinkage. 

Read: The point is, you say you did it because there is pressure exerted on the 
transversalis facia, but I don’t think there is. 

Kingsnorth: I think you have corrupted the Lichtenstein operation and I think we 
should call it the Amid operation, because I think it is no longer the Lichtenstein 
operation. Firstly, I remember very well, Arthur Shulman used to say: Fit the mesh 
to the patient and not the patient to the mesh. And now one-sized mesh for all 
patients. I have looked at the mesh and I think it is far too big even on cutting off 
the ends. Even the little modifications you made are corrupting the Lichtenstein 
operation. Secondly, for instance, aligning the mesh with three passes along the 
inguinal ligament raises difficulties for teaching the surgeons good surgery. If 
you are opposing two layers you need nice, well-defined stitches and not only two 
to three passes to fix the mesh to the inguinal ligament. Thirdly, fixing just the tails 
of the mesh as you told us is untrue. Shulman and Lichtenstein crossed the tails 
of the mesh and stitched it to the inguinal ligament. You must call this the Amid 
operation and need 20 000 or 30 000 operations to prove it as good as Lichtenstein’s 
procedure. 

Amid: First of all, if you want to take more stitches, then make more stitches, but in 
response to corrupting the operation, in all the articles describing all these chan- 
ges Dr. Lichtenstein was the editor or co-author. Everything that was done was the 
collective idea of all of us. I really do not like to hear that the operation was cor- 
rupted. These are minor refinements which do not affect the basic principle 
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Kehlet: I certainly agree that this is a good operation but we have to realize that 
the results in general are not as good as you have shown. The data from Scotland, 
Denmark and Sweden show that we have higher recurrence rates, probably for 
technical reasons. My question deals with the fixation of the mesh to the inguinal 
ligament. We need more stitches. In your video you only have 3 mm of the ingui- 
nal ligament in your shooters and I must really ask how much of the inguinal liga- 
ment should be included in this stitch? 

Amid: All that I can tell you is that this is the way we have been doing it on at least 
6000 patients, and if these had problems, we would be crazy to go on doing it. It is 
up to the individual surgeon to take a bigger bite or to make small stitches. This 
is the way we have done it and we have good results. Every surgeon can modify it 
as long as the principles are not affected. 

Deysine: We tend to sideline an important aspect of this operation and of all ope- 
rations that use polypropylene, because it goes wet. It glues immediately to the 
tissue, so fast that you even don’t need sutures, as Gilbert said some years ago. As 
long as it preserves the form and sticks to well-dissected fascia, you will be sur- 
prised how difficult it is to remove it 10 min after you put it in. So this operation 
emphasizes the need for a surgeon to know the anatomy of the region. It is simple, 
it looks simple but for those who don’t know the anatomy it is not so simple. 

Amid: I want to add one thing that George Wantz missed by all of us always men- 
tioned: a mesh operation, recurrence after a mesh operation, are technical 
problems. There should be no recurrence after a correctly performed mesh 
operation, no matter what the procedure. 




33 Vypro II in Lichtenstein Repair: 
Risk or Benefit? 

H.Gai 



Introduction 

The recommendation for the standard Lichtenstein repair coming from the Lich- 
tenstein Hernia Institute is the use of a monofilamented macroporous mesh [2]. 
The main advantage of such a mesh is a reduced risk of infections. Since July 2000 
the new composite mesh Vypro II is on the market [11]. This is a multifilamented 
mesh, consisting of an absorbable polyglactin part and a non-absorbable polypro- 
pylene part. This mesh fulfills physiological requirements [6, 7, 8] concerning 
elasticity better than all other meshes and has reduced foreign-body material. Our 
experience with 3371 Lichtenstein repairs with Marlex and 550 repairs with Vypro 
II are demonstrated and evaluated. 



Material and Methods 

We started with Lichtenstein repair in the clinic Fleetinsel Hamburg on March 
1994. Until the end of 2002 we operated on 4392 patients with a Lichtenstein repair 
(Fig 1). 72% due to primary hernias, 27% due to recurrent hernias (including 
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Fig. 1. Distribution of Lichtenstein repairs Clinic Fleetinsel Hamburg n = 4392 (1.3.1994- 
31.12.2002) 
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Fig. 2. Scanning electron 
microscopy of the struc- 
ture of Vypro II mesh 




9% 2nd to 9th recurrencies). With minimum modifications [4, 5] we do the ori- 
ginal Lichtenstein technique described by Amid and Lichtenstein [1, 3]. In the 
period from March 1994 until June 2000 Marlex was our preferred mesh. From 
July 2000 we used Vypro II and Marlex side by side for 1 year. Since July 2001 
Vypro has been our preferred mesh. During the whole period Marlex was in 
use in 3371 cases, Vypro II in 550 cases. In the remaining 471 cases we tested 
other meshes; 90% of the operations were performed under local anesthesia. 
The follow up for 1 year after the operation is 97% and includes in all cases an 
ultrasound examination. 



Vypro II: Technical Description 

Vypro II is a composite mesh, consisting nearly exactly of 50% absorbable poly- 
glactin and 50% non-absorbable polypropylene (Fig. 2). It is a large porous mesh 
with a pore size of 4 mm, it is light-weight with an area weight of 35 g/m^ and it 
stretches 28% at 16 N/cm. After absorption of the polyglactin part of the mesh after 
56-70 days, the mesh has a thickness of 0.39 mm. So this mesh has less than 65% 
poplypropylene of most other meshes on the market. 

Risk Due to More Infections? 

We had two infections in our series with 550 Lichtenstein repairs with Vypro II 
(0.37%). One was a superficial infection in the subcutaneous area only. After open- 
wound treatment the situation was cured 2 weeks later without further problems. 
In the other case we had a deep infection (Fig. 3). After operation of a 2nd recur- 
rence with explantation of a plug the patient suffered from a large hematoma. The 
family doctor opened this hematoma 10 days later and a secondary infection occur- 
red in the next days. The patient reappeared in the clinic 3 weeks later with a half 




338 



VIII Actual Guidelines for Mesh Repair: Why to Prefer a Certain Technique? 




Fig. 3. Deep wound infection: 4 weeks after Lichtenstein repair: secondary infection after ope- 
ning of a large hematoma by family doctor 



opened wound with secretion of pus. We opened the wound completely and trea- 
ted with flushing for 1 week with polyvidone and then antibiotic salves. We did not 
explantate the mesh because less than 10% of the mesh seemed to be part of the 
infection. 2 months later the wound was closed and the patient has had no problems 
for nearly 2 years. 




Fig. 4. Explanted Marlex mesh after deep wound infection, caused by an old Mersilene suture 
from an earlier operation 
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In the Marlex group {n = 3371) we had also two infections (0.06%): one super- 
ficial infection with no problems after open-wound treatment. One deep infec- 
tion, caused by an old Mersilene suture below the mesh from an earlier operation. 
This patient first developed a fistula with secretion of pus. In spite of daily 
flushing we had to reoperate 3 months later due to absess formation. The mesh 
had to be explantated (Fig. 4), because the origin of the infection was below the 
mesh. 



Risk Due to Higher Recurrence Rate? 

Our overall recurrence rate is 0.35% with a follow up of 97%. In the Vypro II group 
we had five recurrences (0.9%; Table 1). It was remarkable that all these recurren- 
ces occurred within 1 year, but on the other hand 80% of these recurrences were 
after the operation of a recurrent or re-recurrent hernia. In the Marlex group [1] 
we had eight recurrences (0.24%; Table 2). For the first few this seems to be much 
better, but analysis of patients’ data show that only 25% of these operations were 
due to a recurrent hernia. So these both groups are not really comparable. Only 
three recurrences of the Marlex group occurred in the first year, the remaining 
cases between 3 and 6 years. This point must be observed exactly and evaluated 
again when we have longer experience with Vypro II. 



Table 1. Recurrences after Lichtenstein repair: Vypro II (5/550) => 0.9% 





Kind of recurrence 


Interval 


Last operation due to 


E.R 


Indirect 


9 months 


Primary 


F.K. 


Indirect 


1 year 


1st recurrence 


K.R. 


Indirect 


1 year 


2nd recurrence 


J.K. 


Direct 


1 year 


2nd recurrence 


J.S. 


Femoral 


6 months 


2nd recurrence femoral 



Table 2. Recurrences after Lichtenstein repair: Marlex (8/3371) 


=> 0.24% 




Kind of recurrence 


Interval 


Last operation due to o o 


A.M. 


Direct 


6 months 


Primary 


M.Z. 


Direct 


9 months 


Primary 


K.H. 


Direct 


1 year 


Primary 


PM. 


Indirect 


5 years 


Primary 


K.D. 


Indirect 


5 years 


Primary 


H.G. 


Indirect 


6 years 


Primary 


K.D. 


Indirect 


3 years 


1st recurrence 


H.L. 


Indirect 


6 years 


2nd recurrence 
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Benefit Due to Adjustment of the Mesh to Physiological 
Requirements? 

Vypro II has an elasticity of 28% at 16 N/cm, whereas all other meshes are more 
rigid. Most of them have an elasticity of only 8-15% at 16 N/cm [10]. The normal 
abdominal wall requires an elasticity of 20-30%. A randomized controlled study 
[12] could show that physically active patients have significant less pain after use 
of Vypro compared with Surgipro and that they have significant less foreign body 
sensations. One reason for this is the optimized correlation between the mesh and 
the strained abdominal wall. 



Benefit Due to Reduced Foreign Body Reaction? 

Seroma formation is a short-term reaction after implantation of foreign-body 
material. Seroma formations occur after all hernia operations, even in patients 
without using meshes, and are intraindividual very different [13]. But as we use 
ultrasound routinely after hernia operation, we could measure that there is a cor- 
relation to the quantity of foreign-body material. We puncture seroma formation 
if we can measure more than 20 ml (Fig. 5); 5% of the Vypro group and 18% of the 
Marlex group had more than 20 ml seroma after 8 days. Looking at all patients, 
the medium was 8 ml in the Vypro group and 15 ml in the Marlex group. 




Fig. 5 . Ultrasound: seroma formation after Lichtenstein repair 






Chapter 33 Vypro II in Lichtenstein Repair: Risk or Benefit? - H. Gai 341 




Fig. 6. Ultrasound of Vypro II 6 weeks after Lichtenstein repair: only detectable as a thin line, 
nearly no scar formation 




Fig. 7 . Ultrasound of Marlex 6 weeks after Lichtenstein repair: significant scar formation with 
good visible thick echo-rich line 
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Performing ultrasound examination after 3 months or later, the mesh itself can be 
evaluated. The Vypro II mesh is then difficult to detect, it appears as a very thin 
line (Fig. 6). The correct function is checked by a Valsalva maneuver. In contrast 
to this, a Marlex mesh appears as a thick echo-rich line (Fig. 7). These ultrasound 
findings show a good correlation to histological findings after mesh implantation 
of Vypro II and Prolene [9]. 



Discussion 

Lichtenstein repair with Vypro II has some significant benefits: postoperatively we 
have a reduced foreign-body reaction, demonstrable in a reduced production of 
seroma formation (short-term) and - what is much more important - in a redu- 
ced scar formation (long-term). Concerning all discussions of long-term reaction 
after implantation of polypropylene, it is important that there is a mesh with a sig- 
nificantly reduced foreign-body reaction. The higher recurrence rate in our series, 
even when the groups are not comparable, must be watched carefully, though it has 
been below 1% until now. 
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Discussion 



Deysine: The incidence of when the hematoma is discovered by the general parac- 
titioner is not unusual. We did a study on inguinal hernia infections and found 
one most common problem is that the patient is discharged very early, and when 
he goes sick he goes back to the general practitioner and then he/she takes care of 
the problem and does not see it. There is a big gap between the surgeon, the nurse 
and the epidemiologist. As long as we really cannot unite these people in work, a 
lot of cases that became infected don’t get back to us because they disappear in 
that mesh. 

Gilbert: The question of seroma. We all see seroma. You mentioned that you rou- 
tinely tab them. Seromas occur between 72 and 96 h. I wonder what is the average 
number of times you have to tab the patient? In our experience, when we succeed 
with the seroma, within 96 h it has returned. 

Gai: That is different. I make the first puncture 8 days after the operation. In some 
patients it is the last puncture and in some you have to do two or three punctures. 
The idea is the better ingrowth of the mesh. 

DeBord: You aspirated seromas in 18% of the patients. I wonder whether you 
should ever aspirate, whether you need to? But has there been any correlation 
between aspirating the seroma and infection? 

Gai: No infection after puncture of seroma. 

Jeekel: Why did you do the aspiration of seroma? I don’t think that there is any 
necessity. The fact that you probably see a better tissue behaviour with reduced 
foreign-body reaction does not prove that it is better than the Marlex. You didn’t 
show any bad side effects of the foreign-body reaction; if you don’t need to release 
seroma, you have not need to do so. For the lateral flaps. Amid said that you need 
at least 5 cm to the lateral side, what do you think about it? 

Gai: I make a preparation as far it is possible. I think it is about 5 cm but I did not 
measure it. If you divide the external fascia from the internal muscles there is one 
point where you cannot get more place. 

Amid: The lateral dissection is very important to prevent interstitial recurrences 
or low-lying Spigelian hernia, so we go as laterally as possible. 

Schumpelick: There is a paper coming out in Hernia from a Swiss group, who fix 
the mesh just with glue. What is your personal statement? Do you suture it or fix it 
with fibrin glue? 

Gai: I do not use fibrin glue because it is too expensive and I am satisfied with a 
running suture. 





344 



VIII Actual Guidelines for Mesh Repair: Why to Prefer a Certain Technique? 



Leibl: You showed a considerable number of recurrences even within 1 year at the 
lateral position. Is it a problem of the slit mesh or is it a problem of the mesh itself. 

Gai: I am concerned about this point. Most of my recurrences after exclusion of 
technical failures were indirect hernias. This is a consequence for me to reoperate 
my recurrences with a laparoscopical technique. I think this may be a weak point 
of the Lichtenstein repair, though even Amid does not want to hear it: the slit and 
the area below the slit and between the tails and the spermatic cord. My own recur- 
rences were all sliding indirect hernias through the slit. 

Amid: That is because of the shorter tail, I think. 




34 TIPP, an additional, alternative or a 
dispensable technique? 

U. Muschaweck 



Introduction 

»No disease of the human body, belonging to the province of the surgeon, required in 
its treatment a greater combination of accurate anatomical knowledge with surgical 
skill, than hernia in all its variations.« 

Sir Astley Paston Cooper (1804) 

In hernia surgery, the probability of recurrence has always been a major issue and 
criterion for quality. Today, in the era of »evidence-based medicine« even more so, 
as this most important long-term criterion can be easily measured and is of para- 
mount interest to evaluate if a method is appropriate. 

Therefore, by continuous evaluation of cases, I have addressed the question for 
a long time, as to where the limits of a safe classic repair, such as the Shouldice 
repair, really are, beyond which the Shouldice technique was no longer sufficient 
and requires reinforcement. 

In 1967 and 1968, RIVES has published a new hernia repair technique in patients 
with weak musculofascial formations using a Dacron patch measuring 6x8 cm 
that was placed underneath the transversalis fascia [2, 3]. He and his group used 
this procedure systematically in adults and elderly patients. 

Six years later, in 1973, he published 183 cases and believed, that 80% of all her- 
nias in adults should receive operations according to this method [4]. 

1984 Stoppa and Rives published the experience of both sites, Amiens and Reims, 
on 971 and 543 patients, respectively [9]. 

They made out an indication for patients over 50 years of age, with enormous 
or sliding hernias, multiple recurrent hernias, obesity, very old age or heavy physi- 
cal workload [9]. 

Schumpelick and coworkers described in 1996 a supplementary preperitoneal 
method of open inguinal hernia repair as TIPP and used instead of the small Dacron 
patch, a larger polypropylene patch of 10 x 12 cm or even 10 x 15 cm [1, 7]. 

They report on 689 adult patients in 1994 and 1995, concluding that TIPP was 
an important supplement of open repair. They proclaimed the method mainly for 
recurrent hernias, and to a lesser extent for primary hernias. 

In 1994 their frequency using TIPP was 10%, and went up in the following year 
to nearly 30%. 

The Austrian surgeons in 1995 achieved consensus that in cases of small and 
medium-sized direct and indirect hernias, the open Shouldice repair is the method 
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of choice, whereas for large hernias tension-free repairs or laparascopic techniques 
should be preferred [5]. 

In 1997, Schumpelick stated again the importance of a tailored approach in her- 
nia surgery. The treatment of only those 15% who really need additional reinfor- 
cement with mesh spares 85% of all patients unnecessary treatment and risk [6]. 



Material and Methods 

We know from clinical evidence and analysis of our own patients with recurrent 
hernias that the likelihood of developing a recurrence is quite small in cases of a 
small, lateral defect (L I-II) whereas larger-sized lateral and medial hernias (L III, 
M III) and combined hernias (Me III) involve a much higher risk [8]. 

As it is not possible to identify the risk groups before surgery, we inform the 
patient about the various methods of surgical techniques, but we classify the 
hernia into subgroups only during surgery and take a final decision about the 
technique to be used as late as then. 

An extremely important additional criterion is the strength of the transversalis 
fascia. The fascia should not only be strong but should also have a white shiny surface. 

Important, too, is the age, especially in male patients. Features such as body mass 
index influence our decision for a mesh implant only marginally and in cases of 
exception. 

In our Munich Hernia Center, operations are carried out exclusively under local 
anaesthesia using Ropivacain-HCl (Naropin) 7.5%. Initially, 20 ml are injected ven- 
trally of the spina iliaca anterior superior. For further injections, Naropin is dilu- 
ted with saline in the ratio of 1:1. 

All patients receive a single preoperative shot of Cephalosporin. 

The hernia sac is completely dissected, mobilized and pushed back into the 
abdominal cavity, but not opened. We always split the transversalis fascia. We try 
to preserve the gential branch of the genito-femoral nerve. If, however, the nerve 
is scarred or shows signs of fibrosis, we cut it. 

After classification of the hernia, we decide on the surgical technique. 



Primary Hernias 

• LI: Shouldice »minimal repair« without opening intact fascia structures, no 
mesh. 

• L II: No mesh if fascia is stable. 

• L III: TIPP -H Shouldice repair on top of the mesh 

• M I/II: Shouldice »minimal repair«, usually without mesh, according to the sta- 
bility of the transversalis fascia. 

• M III: TIPP + Shouldice repair on top of the mesh. 

Modifying this technique, we do not use single sutures through all layers but 
rather fix the mesh beneath the fascia transversalis. The cranial fixation of the 
mesh is done above the white line with a running suture. The medial fixation does 
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not take Cooper’s ligament but the medial edge of the transversalis fascia to avoid 
pain. The operation is completed with a Shouldice repair on top of the mesh. 

Meanwhile, we have started to use Vypro II instead of the polypropylene mesh 
in the technique described above. 

Recurrent Hernias 

In general, we try to maintain an intact scar and perform a tension-free defect 
repair. 

I prefer a preformed mesh, only occasionally performing a TIPP repair. 
Irrespective of the applied surgical technique, all patients are discharged from 
hospital on the evening of the day of surgery. After 3-4 days, they can resume work 
without restriction. 

In the following, I report my results and compare them with the data from the 
University Hospitals of Amiens, Reims and Aachen. 

Results 

Since December 1993, 1 have performed hernia operations on more than 9000 
patients. In December 1995, 1 started to use TIPP to reinforce the floor when carry- 
ing out the Shouldice procedure. 

All 1052 hernia operations performed in 2002 were analyzed in detail; 818 were 
primary hernias. In 35% of all cases, I performed a TIPP using flat or preformed 
Marlex and/or Vypro II mesh (Fig. 1). 

Figure 2 shows in which subgroups Shouldice or TIPP repairs were performed 
in 2002. 

My total overall number of recurrences is 28, yielding a total frequency of less 
than 1%. Figure 3 shows the frequency of a recurrence as a function of the size of 
the primary hernia. 

M III alone accounts for more than half of all recurrences. 




Fig.l . Distribution 
of hernia types 
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Cl3SSifiC3tion III Fig. 2.Tailored surgery 
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Fig. 3. Own recurrences 
- classified 



Figure 4 shows our own history of recurrences and application of the TIPP pro- 
cedure over the years. The initial euphoria in 1997 fell off quickly when meshes 
were suspected of causing sarcoma; they are now used in about 30% of our 
patients. 

Following TIPP repair, only one patient has so far developed a recurrent hernia, 
but a final 5 -year survival analysis of my first TIPP operations will be available only 
by the end of this year. 

In both treatment groups (Shouldice or TIPP), we had only four wound infec- 
tions altogether, eight cases of orchitis, of which two developed testicular atrophy. 
17 patients had chronical pain syndromes resisting therapy. 

More often, we find a seroma in mesh-treated patients as the only complication, 
which is resorbed without any measures after 1 or 2 weeks. 



Discussion 

Our primary repair method is a Shouldice repair, or, in cases of small defects, a 
modified minimal Shouldice repair. Knowing from our own data and literature that 
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Fig. 4. Own recurrences 
- history 




Year of Operation 



certain patients are undertreated by a plain Shouldice repair, we started to look 
for a method to reinforce the floor by using a mesh. In December 1995, we started 
to apply TIPP on selected patients. 

There are various techniques using prosthetic material in open repair. Today, the 
most widely used method is the Lichtenstein technique that is said to be an »easy 
technique requiring little subtle preparation«. 

Advantages of TIPP are, however, that all layers of the abdominal wall above the 
mesh maintain their mobility relative to each other, that the mesh is placed far away 
from nervous structures (Nn. ilioinguinalis and ilio-hypogastricus) and patients 
do not complain of a foreign-body feeling. Another advantage is the aspect that in 
the case of TIPP, the mesh completely covers all three hernial orifices, including the 
femoral orifice. 

The next step was the validation of criteria of when to use TIPP. By this strategy, 
all patients are considered for a technique avoiding mesh, which is a very impor- 
tant issue, especially in young patients. However, only those patients needing addi- 
tional strength receive a mesh, leaving out all those who do not need a mesh. 

The TIPP- technique causes little difficulty and little additional operation time 
to the Shouldice repair and is performed within a total of time between 30 and 
45 minutes. 

The clearly arranged Suvretta classification of hernias is the first factor which is 
looked at. In general, all size-III hernias are candidates for a mesh implantation. 

The final decision, however, depends on the weakness of the musculo-fascial tis- 
sue. 

Some patients do not give their consent to a mesh implantation. 

In hernia centers with thorough experience, TIPP is a valuable supplement to the 
Shouldice technique. 

Knowing that every hernia requires an individual approach, all hernia surgeons 
should have a variety of different techniques available. Detailed knowledge and 
experience with the Shouldice technique and its correct performance is, howe- 
ver, a fundamental prerequisite for performing Shouldice supplemented by TIPP 
repair. 
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Conclusion 

Open surgery with its well-documented safety and lack of major complications 
performed under local anesthesia plus additional use of mesh in those - but only 
those - patients who benefit from it, is the only rational and ethic surgical proce- 
dure for hernias. 



References 

1. Arlt G, Schumpelick V (1997) Die transinguinale praperitoneale Netzplastik (TIPP) in der 
Versorgung der Rezidivleistenhernie. Chirurg 68: 1235-1238 

2. Rives J (1967) Surgical treatment of the inguinal hernia with Dacron patch. Int. Surg. 47: 
360-361 

3. Rives J (1968) Dacron patches and their place in surgery of groin hernia. Ann. Chir. 22: 
159-171 

4. Rives J, Lardennois B, Flament J-B, Convers, G (1973) La piece en tulle de Dacron, traite- 
ment de choix des hernies de Taine de Tadulte. Chirurgie 99: 564-575 

5. Scheyer M, Zimmermann G (1997) Laparoskopische Hernienchirurgie - Standort der mini- 
mal-invasiven Techniken in einem Indikationsspektrum. Zentralbl Chir 122: 1113-1119 

6. Schumpelick V (1997) Editorial - Verfahrenswahl beim Leistenbruch. Chirurg 68: 1239-1240 

7. Schumpelick V, Arlt G (1996) Transinguinal preperitoneal mesh-plasty in inguinal hernia 
using local anesthesia. Chirurg 67: 419-424 

8. Schumpelick V, Treutner K-H, Arlt G (1994) Klassifikation von Inguinalhernien. Chirurg 
65: 877-879 

9. Stoppa R, Rives JL, Warlaumont CR, Palot JP, Verhaege PJ, Delattres JF (1984) The use of 
Dacron in the repair of hernias of the groin. Surg Clin North Am 64: 269-285 



Discussion 



Jeekel: I lack the information about the Shouldice technique and the studies com- 
paring the Shouldice technique with other techniques. Are you planning a prospec- 
tive randomized study to convince us? 

Muschaweck: I don’t do it right now but I am convinced about the Shouldice pro- 
cedure. If you have the experience to look at the structures and know how strong 
they are, you will succeed in doing the right procedure. 

Jeekel: I think it is dangerous to say that you fit the operation to the patient and it 
is always a dangerous thing to say. 

Flament: The first paper of my teacher Rives, who introduced this technique, was 
published in 1965. 1 totally agree with you and disagree with Dr. Jeekel. You have a 
tailored operation for your patients, but did you do a fixation to the Cooper’s liga- 
ment and why did you do a closure under tension in front of the prosthesis? Though 
Rives did not use the word tension-free, he didn’t have tension. To add a tension 
closure in front of the prosthesis, I think, is not right. 





Chapter 34 TIPP, an additional, alternative or a dispensable technique? - U. Muschaweck 



351 



Muschaweck: If you have a free edge after placing the prosthesis under the trans- 
versalis fascia, then you can continue in the way of a Shouldice repair. There is 
no more tension, if you have enough free edge of the mesh to put to the ligament, 
but not at the Cooper’s ligament, for this is normally associated with terrible 
pain. 

Bendavid: I have been doing the TIPP repair for years, and there is no need for a 
Shouldice repair on top of it. It is dispensable. What you described is the operation 
that has been done by Robert Moran. Your minimum Shouldice, is it like a little 
bit pregnant? 

Muschaweck: In the area of a small defect I make a double continuous suture of 
the transversalis fascia and as second line the muscles to the ligament. 

Schippers: I think it is not a fair question of Dr. Jeekel to ask Dr. Muschaweck for a 
randomized study. She owns a hernia institute and patients come to her place to 
be operated by her. If you are not convinced by her data, it is your job. Dr. Jeekel, 
to do a randomized study for the future. 

Kingsnorth: These data are extremely impressive. Is it a procedure that is easily 
picked up by a general surgeon or do you need a lot of skill to get the same results 
as you have? 

Muschaweck: I think a general surgeon needs half a year. You have to do it daily 
and very often, because the recurrences were in the first years. I think I had my own 
learning curve. Meanwhile I can do it quickly and very safely. 

Schumpelick: First of all a comment to Dr. Jeekel. This group is divided into two 
parts. One part is doing private practice, liking science, the other group is the 
national health system, which can do trials. In private practice you cannot ran- 
domize your patients. I don’t know any private practice doing randomized tri- 
als. All the older surgeons here have done wonderful work without any rando- 
mized trials. I will not say that it is good so, but it is like that. We shouldn’t say 
please show me randomized trials, otherwise your results are not worth any- 
thing. We have to rely on these people. I agree with you. Dr. Jeekel, that we need 
a higher evidence level, but we need the other people, too. Now the question: 
the TIPP-Rives technique; Dr. Read, you did a controlled trial comparing this 
technique to the Lichtenstein. What do you think, do we need TIPP/Rives some- 
times or is the old-fashioned Lichtenstein more simple; is there still a place for 
TIPP/Rives? 

Read: We have been a long time studying the prospective randomized trial that 
was mentioned yesterday. We will publish it in Hernia if it is accepted. We will 
report on the 10-year follow up of this study comparing TIPP/Rives with Lichten- 
stein. We found that the TIPP/Rives procedure alone is a very good operation. We 
have had only one recurrence in 10 years of 86% follow up! The recurrence occur- 
red already after 6 months, which has to be regarded as a technical failure, because 
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the stitch came out laterally. I don’t think that you have to add a Shouldice repair 
to the TIPP. We have been able to do the TIPP with a prosthesis as a very good 
operation alone. The Lichtenstein, too, was a good operation; there was no stati- 
stical difference between the recurrence rates. We did find some more recurrences, 
in particular late recurrences after some years, with the Lichtenstein than with the 
TIPP, but this is not significant. 




35 Prolene Hernia System: Quick and Effective 
Repair for Inguinal Hernia 

A.I. Gilbert, M.R Graham, J. Young 



Introduction 

This study was planned to answer two questions: 

1. How results of hernia repair done by general surgeons (TG) compared to those 
of hernia specialists (CG) when the Prolene hernia system bilayer mesh device 
(DPD) was used by both groups; 

2. How the failure rate (recurrences) in both groups (TG, CG) that did DPD ingui- 
nal hernia repairs compared to reported failure rates of surgeons that used other 
hernia repair devices and techniques. 

While surgeons of the CG limit their practice exclusively to abdominal wall her- 
nia repair, surgeons in the TG do typical general surgery with added interest in her- 
nia problems. The DPD featured in this report is a polypropylene mesh connected 
double-patch device that became available in April 1998. Ethicon, Inc. manufactu- 
res and sells it at a price within the cost range of other mesh products [1]. Its design 
simultaneously incorporates the benefits of most other posterior and anterior ten- 
sion-free (TF) mesh repairs [2]. Its connected opposing double mesh patches are 
sized to provide synergistic protection of the entire myopectineal orifice for the 
repair of all types of groin hernias [3]. 



Materials and Methods 

Two group of surgeons (TG and CG) cooperated in this study by using DPD for 
groin hernia repairs and by reporting the early results of their own patients. Both 
groups used all three sizes of the DPD (Prolene polypropylene hernia system, Ethi- 
con, Inc.; medium, large, extended). The CG did 4453 groin hernia repairs in 3878 
patients between April 1, 1998 and December 31, 2002. The TG did 3780 groin her- 
nia repairs during the same period of time. To focus on the value of its double- 
patch design, each surgeon in the TG was free to apply the device with variations 
that seemed appropriate at each operation. In the CG male and female patients with 
primary or recurrent hernias were accepted consecutively for DPD repair. These 
included patients who had co-morbid illnesses (except those with American Society 
of Anesthesiologists scores of IV or V), prior-failed laparoscopic repairs, prior-fai- 
led open-mesh repairs, and those who had had open prostatectomy and/or pelvic 
radiation therapy. 
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Technique 

For patients in CG, a 5-cm transverse-oblique incision was made in the skin exten- 
ding lateral from the pubic tubercle. The external oblique aponeurosis was ope- 
ned. The anterior (interfascial) space was created between the external and inter- 
nal oblique muscles extending almost to the anterior superior iliac spine. This space 
would later accommodate the onlay component of the DPD device (Fig. 1). The 
cremasteric facia overlaying the spermatic cord was opened longitudinally and 
the ilioinguinal nerve was left undisturbed in either of the cremasteric flaps. The 
spermatic cord was elevated as an arch and its mesentery was opened to create 
the space where the onlay patch would lie against the posterior wall. The internal 
spermatic fascia surrounding the cord was opened. Any sizable lipoma was exci- 
sed. Dissection was done to locate and completely separate any portion of patent 
processus vaginalis (peritoneal sac) from the cord structures and from the investing 
fibers of the transversalis fascia at the internal ring. If a type-2 or type-3 hernia 




Fig. 1. Finger dissection of 
the anterior (interfascial) 
space between the internal 
and external oblique 
muscles 




Fig. 2. Creating the »shoul- 
ders« of the peritoneal sac 
actualizes the potential 
space of Bogros 
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Fig. 3. Deployment of the 
perimeter of the underlay 
patch from its connector 




was found, its peritoneal sac was invaginated through the internal ring. Next, the 
posterior space of Bogros was actualized by progressively inserting an opened 4 
times 4-gauze sponge through the internal ring to develop the »shoulders« of the 
peritoneal sac [4] (Fig. 2). For type-4 and type-5 hernias, and most type-1 hernias, 
the posterior wall was opened to access the posterior space. That space was actuali- 
zed as previously described. When a pantaloon hernia existed, the deep epigastric 
vessels were divided and ligated and the separate defects were converted to one. 
To apply the DPD its onlay flap was triple-folded in its long axis. The folded onlay 
mesh was grasped immediately next to the connector with a long ring forceps; 
then the entire device was inserted through the posterior wall defect or through 
the internal ring. The surgeon used a long forceps or his forefinger to deploy the 
underlay patch, ensuring that its perimeter was at complete distraction from its 
connector (Fig. 3). The infero-lateral portion of the underlay patch was positioned 
caudad to Cooper ligament. The remainder of the underlay patch was spread medi- 
ally beneath the pubic bone, superiorly behind the rectus muscle, and laterally 
toward the anterior superior iliac spine. When actualizing the properitoneal space 
it was unnecessary to compel the space to be exactly 10 cm in diameter. If an ent- 
ire 4 times 4 sponge could be easily inserted into the space it provided ample 
room to accept the underlay patch and to allow its deployment. The underlay 
patch never assumed a truly flat attitude because it was laid on the bed of irregu- 
lar properitoneal fat. It was not problematic if some properitoneal fat remained 
between the underlay patch and the transversalis fascia. It was obvious that as 
soon as the patient strained or resumed upright position intraabdominal pressure 
the underlay patch would be compressed against the abdominal wall. The onlay 
patch was extracted and placed against the posterior wall in the interfascial space 
between the external and internal oblique muscles. It was flattened against the 
transversus arch and down over the pubic tubercle. Typically, three 2-0 Vicryl 
sutures were placed in the onlay patch to fix the entire DPD in place (Fig. 4). The 
first and most important suture secured the onlay patch at the pubic tubercle; the 
second suture fixed the medial border of the onlay patch to the middle portion of 
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the transversus arch. A slit was then made in the lateral margin of the onlay patch 
adjacent to the connector. That slit encircled the spermatic cord. A third suture 
was placed to reconnect that divided segment of the onlay patch and attach it to 
the inguinal ligament. Any excess of the onlay patch was trimmed. The spermatic 
cord was positioned over the onlay patch. The lateral cremasteric fascia bundle 
containing the cremasteric vessels, the genital branch of the genitofemoral 
nerve, and in some cases the ilioinguinal nerve was positioned deep to the 
onlay patch. It passed onto the spermatic cord between the sutures at the pubic 
tubercle and the inguinal ligament. The external oblique aponeurosis was closed 
over the spermatic cord with a continuous 3-0 vicryl suture. The external ring 
was reconstructed being cautious not to make it too tight. The subcutaneous 
layer was approximated with 3-0 vicryl sutures. Subcuticular closure was done 
with a continuous 3-0 vicryl rapid suture. A 2-octyl-cyanoacrylate liquid (Derm- 
abond, Ethicon, Inc.) was applied to seal the wound. No additional dressing was 
used. 

Over the 4 years of its continuous use minor changes in surgical technique 
facilitated this operation. Initially, the onlay patch was not folded during inser- 
tion into the properitoneal space. As such, it created drag between it and tissues 
surrounding the internal ring or the posterior wall defect. To ease insertion of the 
device into the properitoneal space, we learned that folding the onlay patch lon- 
gitudinally into thirds was advantageous. The triple fold basically eliminated tis- 
sue drag on the onlay patch and permited unobstructed visualization of the under- 
lay patch during its deployment. Another change pertained to placement of the 
slit in the onlay patch made to accommodate the spermatic cord. Rather than to 
divide and cross the longer axis of its lateral flap, a shorter medial slit in the onlay 
patch was made adjacent to the connector. This allowed preservation of the full 
width of the lateral flap to provide greater protection over the lateral triangle [5]. 
While most surgeons who participated in the TG were trained in the application 
of PHS, no effort was made to standardize their techniques. Variations in indivi- 
dual technique reported by some surgeons in the TG included (1) different folding 
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of the device in preparation for insertion, (2) use of more or less than three sutu- 
res, (3) not fixing the mesh to the transversus arch, and (4) not securing the slit 
mesh to the inguinal ligament when accommodating the spermatic cord. 



Results 

In the CG there were three recurrences of the 4453 repairs. Two occurred and were 
obvious 2 days after the repairs. Both were promptly returned to surgery, where it 
was found that the suture holding the onlay patch had become free from the pubic 
tubercle. It appeared that intraabdominal pressure of these type-3 hernias had 
pushed the underlay patch out through the internal ring with sufficient force 
to lift the poorly secured onlay patch from the tubercle. 

The majority of patients were males. Different modalities of anesthesia were 
used. Most recurrent hernias, bilateral hernias and primary hernias in obese 
patients were repaired with regional anesthesia Otherwise, most were done with 
local anesthesia. In all cases, regardless of the anesthetic selected, an anesthesiolo- 
gist was present to administer intravenous sedation and to monitor the patient. 
Average operative time to repair primary and recurrent unilateral inguinal hernias 
was less than 35 min and for bilateral repairs less than 1 hour (Table 1). Subcuta- 
neous seroma was the most frequent complication in the CG, and in most cases it 
reabsorbed without need for aspiration (Table 2). The 12 participating surgeons in 
the TG individually reported the results of DPD repairs in their own series (Table 3). 



Table 1. Operative times of DPD hernioplasties in CG 



Primary unilateral 


17-61 min 


Av. 27 min 


Primary bilateral 


49-80 min 


Av. 56 min 


Recurrent unilateral 


21-72 min 


Av. 33 min 



Table 2. Complications in the CG 



Infection 


16 


Hematoma 


18 


Seroma 


63 total/6 asp. 


Persistent neuralgia 


2 


Testicular atrophy 


1 (2X rec. hernia) 


Recurrence 


3 


Mesh removal . 


1 and 1 



Discussion 

The remarkably low incidence of failed repairs in this study was essentially the 
same whether general surgeons or hernia specialists performed the DPD hernio- 
plasty. Short-term recurrences using the DPD were but a fraction of all other cur- 
rently used mesh and traditional sutured repairs (see Table 3). 
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Table 3. Recurrences in the multicenter Test Group 




NaofDPD rq>ain 


NdaOf filihires 


Colletta (US) 


450 


0 


Wainstein (Chile) 


152 


0 


Abdalla (Brazil) 


62 


0 


LeBlanc (US) 


588 


0 


Molina (Cuba) 


61 


0 


Kingsnorth (UK) 


200 


0 


Goodyear (US) 


500 


1 


Herszage (Argentina) 


256 


0 


Flament (France) 


442 


0 


Miyazaki (Japan) 


190 


0 


Treen 


378 


0 


Murphy 


501 


0 


Total 


3780 


1 



Results provided in this report suggest that the unusually low recurrence rate fol- 
lowing DPD groin hernioplasty is related more to the design of the device than to 
the experience or expertise of the surgeon. Also, the failure rate of DPD repairs 
by nonspecialists was but a fraction of failure rates reported by other nonspecia- 
lists that used other mesh devices and techniques. For example, in the Lichtenstein 
repair series reported by Balen et al. other than failures following primary unila- 
teral inguinal hernias (2 of 272), the rate of failure was high. Failure occurred in 
2 of 52 (3.8%) following bilateral primary hernias, 5 of 45 (11.1%) following uni- 
lateral recurrent hernia, and 4 of 10 (40%) following bilateral recurrent inguinal 
hernias. The high rate of recurrences following bilateral primary inguinal hernias 
and recurrent unilateral and bilateral inguinal hernias led Balen et al. to conclude 
that the Lichtenstein repair should be contraindicated for the latter three groups 
of patients [6]. Amid advises surgeons that to avoid failure of the Lichtenstein ten- 
sion-free hernioplasty one needs to 

1. use a specifically sized polypropylene patch, 

2. use specific interrupted and continuous suture techniques, and 

3. to position the tails of mesh lateral to the internal ring in a specific manner [7]. 

Explaining reasons for failures of the plug repair. Amid points out that plugs 
shrink 70% while flat mesh shrinks only 20% [8]. For what may be missed by the 
plug and patch technique, Schmidt et al reported that femoral hernias will be 
overlooked in 4% of cases when doing plug-and-patch inguinal hernia repairs in 
females [9]. 

The synergistic benefit of DPD device is derived from its two attached mesh 
patches that doubly protect the myopectineal orifice. For a DPD repair to fail, both 
patches must fail. This occurred in three cases of type-3 hernia repairs in the CG. 
Two failures occurred within 2 days of the original operation. Prompt reoperation 
was done. In both cases the problem causing the failure was clearly identified. In 
one, the suture over the pubic tubercle had become untied. In the other the suture 
had lifted from its poor fixation in the prepubital fatty-fascial tissues. In both cases 
intraabdominal pressure pushed the peritoneal sac against the underlay patch with 
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sufficient pressure to push it through the large internal ring. The force was enough 
to lift the poorly secured onlay patch, causing early recurrence. In both patients 
replacing the device and securing its pubic tubercle fixation with certitude easily 
reinstated the repairs. A third recurrence of a patient repaired 4 years ago was 
recently noted. Reoperation revealed the mesh had lifted from the pubic tubercle 
area. One female patient complained of severe pain for 3 months following her 
DPD repair. Her entire device was removed without evidence of what had caused 
the problem. A Shouldice repair was done and she immediately became pain-free 
and has remained so. One very thin male patient complained of feeling the edge 
of the patch above his herniorrhaphy incision. Six months following his repair a 
folded portion of the lateral flap of the onlay patch was removed. While the under- 
lay patch of the DPD cannot be made to lie perfectly flat on the irregular fat in the 
posterior space, every effort should be made to have the onlay patch lie flat in the 
interfascial space, especially in thin individuals. Additional complications of the 
CG are listed (Table 4). 



Table 4. Recurrence rates reported in current literature by general surgeons for different tension- 
free techniques 



Source 


Repair type 


No. of Repairs 


No. of 

Recurrences 


% Failure 


Celdran et al 


Lichtenstein 


320 


3 


0.9 


Balen et al 


Lichtenstein 


379 


13 


3.4 


McGillicuddy 


Lichtenstein 


331 


2 


0.5 


Pelissier et al 


Plug 


202 


1 


0.5 


Palot et al 


Plug 


111 


3 


2.7 


Dieudonne 


Plug 


3332 


47 


1.4 


Multicenter 


Kugel 


10,000 


200 


2.0 


Vo Huu Lee 


Laparoscopic 


236 


35 


15.0 


Franklin 


Laparoscopic 


563 


5 


1.0 


McKernan 


Laparoscopic 


1079 


20 


2.0 



Reports that make much of the amount of time used to do different hernioplasty 
procedures often lead surgeons to wonder about the importance of this informa- 
tion. Every procedure, TF or otherwise, has three phases: 

1. time used to do the dissection, 

2. time used to prepare the prosthesis and do the repair, and 

3. time used for wound closure. 

Dissection time depends on the size of the patient and complexity of the hernial 
mass, extent of scar formation and experience of the surgeon. Closure time is simi- 
lar for most open techniques; it involves reapproximation of the external oblique 
aponeurosis, the subcutaneous layer and the skin. Repair times for most TF tech- 
niques are similar. The importance of a few minutes’ difference between current TF 
mesh repairs pales compared to the typical excess of »down-time« surgeons must 
wait between cases. Those aspects of the operation that matter most to surgeons 
and their patients include maximum safety in performing the operation, minimi- 
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zing the degree of discomfort, and prompt return to activities with assurance of 
minimal chance of failure. 

What is the usual learning curve to use the DPD? Most surgeons are comforta- 
ble opening into the posterior space. Having done so in the Bassini, Halsted, Shoul- 
dice, McVay, laparoscopic, plug and patch, Kugal and Ugahary repairs, surgeons 
who are familiar with opening the posterior space for any of these operations report 
their learning curve for DPD repair is four to six cases. 

By avoiding failure of a hernia repair a patient is spared additional time away 
from work and personal activities, added expense, and the chance of more com- 
plications including further recurrence. This is the basic consideration of cost 
and professional effectiveness. Considering that general surgeons do most of the 
world’s hernia surgery, improvement in their results by simply employing a more 
effective device would serve the greatest number of patients and could benefit 
societal economic concerns related to this common surgical operation. The DPD 
technique fills the order of being a repair that is fast, easy to do, inexpensive, and 
very effective. 
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36 The Preperitoneal Prosthetic Approach 
for the Repair of Recurrent Inguinal Hernia: 
Is There Still a Place for the Wantz 
Technique? 

G. Campanelli, EM. Nicolosi, D. Pettinari, E. Contessini Avesani 



Introduction 

Recurrent inguinal hernia remains a significant clinical problem despite advan- 
ces in surgical techniques. Comprehensive audit from national hernia registers in 
Sweden [1] and Denmark [2] has shown an incidence of recurrence of 16-18% fol- 
lowing primary repair. Recurrence rate of over 30% has been reported [3]. Increa- 
sing use of prosthetic mesh has improved the recurrence rate because old non- 
prosthetic techniques have two common defects: the first one is represented by 
tension on the suture line. In fact the major part of the recurrences are positioned 
near the end of the suture (47% near the pubic tubercule and 40% near the inter- 
nal inguinal ring) where the tension is higher. The second is due to the considera- 
tion that the same metabolical problems that have caused the first hernia appea- 
rance, had same involved in the recurrences if no used prosthetic repair [4]. 

For these reasons, a correct surgical approach is a cardinal point for proper treat- 
ment of a recurrence. In fact, it is wrong to consider primary hernia as similar to 
a recurrent hernia and so it is also wrong to consider different recurrences 
as similar to each other. The use of careful clinical examination and the evaluation 
of the main characteristic can give the possibility to determine a classification of 
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recurrences [5], that can help to choose the most correct technique. When it is deci- 
ded that the preperitoneal approach is the best way, we can choose among three 
different solutions: laparoscopic repair, classical Stoppa-Wantz repair or minimally 
invasive non-laparoscopic repair [6]. 

The Stoppa operation was developed [7] to deal with complex multirecurrent 
groin hernias by placing a large piece of prosthetic mesh in the preperitoneal space. 
Wantz [8] adapted this operation for the repair of unilateral recurrences. 

Laparoscopic surgery provided a means to enter a preperitoneal space without 
an open incision. The technique was adopted with widespread enthusiasm, even if 
it is clear that there is a considerable learning curve [9]. 

The minimally invasive non-laparoscopic approach (Kugel-Hughary) [6] combi- 
nes the advantages of minimally invasive approach and those of an open technique. 

The aim of this work is to evaluate the correct place that the Wantz technique 
may have today. 



Materials and Methods 

Between November 1992 and November 2002, 110 patients had a recurrent ingui- 
nal hernia repaired with a modified Wantz technique; 54% of these were perfor- 
med under general anesthesia, 40% were performed under local anesthesia and 
6% with a spinal anesthesia. Thus the total number of hernias repaired was 121 
(of which 110 were recurrent monolateral). The mean age of the patients was 58 
(range 19-84) years. 

Gentamicine 1-2 g was used as chemoprophlaxis. The operating table was 
tilted in Trendelemburg position if necessary. 

The anesthesia was chosen according to the characteristics of the patients and 
the hernia recurrence. 

In the repairs a piece of mesh (15 x 15 in) was cut to size and shape, and the 
lower edge of this mesh was anchored with one non-absorbable stich on the Coo- 
per ligament, the lateral edge with one on the psoas fascia, and the upper edge with 
one behind the rectus sheet. The prosthesis was always Polypropylene. 

A vacuum drainage was used in 30% of cases. 

Patients were discharged the same day of the operation in all cases treated under 
local anesthesia (40%) with oral analgesics and instructions such as necessary in 
Day Surgery regimen. All the others were discharged the day after operation. 

Regarding our experience, we have used our original classification [5] that takes 
into consideration some characteristics of the hernia recurrence and of the pati- 
ent such as a clinical parameter: 

• type of hernia defect (high »indirect«, low »direct«, involving the whole wall), 

• dimension of the hernia defect (small < 2 cm, large > 2 cm), 

• recurrent or re-recurrent hernia, 

• reducibility, 

• anatomical characteristics of the patient. 



The surgical approach and the technique was modified considering the following 
classification based on previous parameters: 
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• type Rl: first recurrence, high »indirect«, reducible, small defect < 2 cm in thin 
patients, 

- local anesthesia and Gilbert technique, 

• type R2: first recurrence, low »direct«, reducibile, small defect < 2 cm in thin 
patients, 

- local anesthesia and Wantz technique, 

• type R3: re-recurrent hernia, involving the whole wall, non-reducibile, large 
defect > 2 cm in overweight patients and all those cases non-Rl, non-R2. 

General or spinal anesthesia and Stoppa/Wantz/laparoscopy. 



Results 

Regarding our 110 Wantz repairs, according with our classification there were 40% 
R2 and 60% R3. 

There were no major intraoperative difficulties or cardio -pulmonary, cerebro- 
vascular or thromboembolic complications. 

Two patients (under spinal anesthesia) developed urinary retention. 

All the patients were examined 1 week, 6 months and from 1 to 9 years after sur- 
gery, except the 1 1 patients that died. 

We had six (5.8%) recurrences, one (< 0.1%) deep infection, 11 (10%) seromas. 
The deep infection required only open drainage and antimicrobial therapy with- 
out the necessity of removing the prosthesis. 

The seromas were treated by needle puncture in all cases. 

The satisfactory rate of patients measured with a judgment form was high. 



Discussion 

Our study demonstrates the effectiveness of open preperitoneal mesh repair for 
recurrent inguinal hernia, in terms of results and satisfaction of the patient. These 
results are in accord with others [10, 11, 12]. 

The preperitoneal way for recurrent inguinal hernia permits operating in a 
»virgin« field, reduces the potential risk of damage of testicular vessels, and gives 
the possibility to repair all entire musculo-pectineal hole. 

On the other hand, it is true that the preperitoneal approach has not been widely 
adopted, in part due to an objective difficulty, in part because of lack of routine. 

In fact, recent work [13] shows 85% of repairs for inguinal recurrences opera- 
ted via inguinal approach, 15% preperitoneal (9% laparoscopic and 6% open). 

Mainly laparoscopic approach seems to become the first choice for recurrences 
that require general anesthesia: but we have to remember the considerable learning 
curve [9, 14], the potential rare but serious complication [15]. 

Recently, a different way to place a mesh in preperitoneal space was described 
by Ugahary [16] and Kugel [16]: minimally invasive non-laparoscopic approach, 
spinal anesthesia, little skin incision (2 to 3 cm) above the internal ring, abdomi- 
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nal wall incision like grid iron or muscle splitting, preperitoneal approach as Wantz 
described, and position of mesh. 

A randomized trial [17] compared TEP and Ugahary’s approaches concluded 
with the effectiveness of minimally invasive non-laparoscopic approach. 

Moreover, two randomized trial have compared laparoscopic with open pre- 
peritoneal approach [9, 18] and found no significant differences in short-term 
recurrence. 

A certain number of works demonstrate that, as we know, the open preperito- 
neal approach is easier than laparoscopy, the recurrence rate is low, and the imme- 
diate results in terms of comfort and return to work are absolutely similar. 

Furthermore, the very difficult recurrence, such as strongly incarcerated or very 
large inguinoscrotal, or with a real loss of substance, or patients that cannot be trea- 
ted under general anesthesia, are all categories not suitable for laparoscopy. 

Regarding discomfort, there are different opinions for midline or upper inguinal 
approaches: in any case the majority of experiences report the patients discharged 
the day after operation, requiring only oral analgesia. 

The postoperative complications, infection and testicular atrophy are absent, as 
in our experience. 

Today it is clear and evident that laparoscopy is the less invasive technique only 
if made by expert laparoscopic surgeons, under general anesthesia and in selec- 
ted numbers of recurrences, which in our experience can be about 50%. On the 
other hand, according to the literature and to our experience, we can say that the 
open preperitoneal approach is still of primary importance for the reasons that we 
have shown above. The open minimally invasive technique (Kugel - Ugahary) is 
probably in the near future, with a larger series, to be taken in consideration as a 
evolution of the Wantz technique. 

In conclusion, we think that the Wantz technique is highly effective in achieving 
a low recurrence rate, a quick discharge (mainly if performed under local anesthe- 
sia), good postoperative comfort, and a perfect vision of entire musculo-pectineal 
hole that can assume good long-term surgical results. 
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37 GPRVS: radical but too invasive ...? 



R.E. Stoppa 



The signum GPRVS (for: giant prosthetic reinforcement of the visceral sac) was 
suggested to me by our friend, the late George Wantz [13]; at this opportunity let 
me pay homage to his unforgettable memory. 

For a clear discussion of my method, its principles must be recalled [8]. The 
first is the key purpose of the operation: a wide wrapping, into a bilateral piece of 
macroporous mesh, rendering the parietal peritoneum unextensible in the groin 
area, thus forbidding any reherniation. Doing this means, also placing an artificial 
unabsorbable fascia which reinforces the natural endoabdominal fascia; this is a 
definitive repair of both the mechanical and biological factors of groin weakness. 
Second principle: the best chosen fitting fabric for this method is the macroporous 
Dacron mesh. Its good biological tolerance allows a »maximalist« use of this mate- 
rial (more than 400 cm^), while its suppleness gives it an interesting conformabi- 
lity, fitting the groin region’s complex morphology; in addition, it sticks the tissues 
slightly and this gives it a convenient stability during its placement. Third principle: 
gaining the cooperation of physics; Pascal’s hydrostatic law makes the intraabdo- 
minal pressure push the mesh against the wall, producing a revolutionary paradox: 
the intraabdominal pressure - the main force which creates hernia - is used to 
prevent re-herniation. Consequently, no closure of the hernia orifice and no fixa- 
tion of the mesh are necessary; and, historically, it is the first both tension-free and 
sutureless method of groin hernia repair. Last principle: a subumbilical midline 
preperitoneal route is used for this operation. 

Entering the discussion, of course I agree with the qualification of »radical« 
given to GPRVS, owing to the principles of the method and the quality of its 
results with regard to the main criterium of efficiency for a hernia repair: low 
recurrence rates; 1 can report the following figures of my latest (1998) personal 
review: number of patients: 1902; follow-up rate: 92.2%, follow-up duration: 4-13 
years, recurrence rates: global 1%, in primary hernia cures 0.56%, in recurred her- 
nia repair 1.1%. The failure of this almost absolute weapon against recurrence is 
due, in my experience, either to the unsufficient dimensions of the prosthesis or to 
the use of two independent prostheses in bilateral hernia repair, or, also to wrongly 
unfolded or split meshes; one might as well say that corrupt technical variations 
are the causes of the failure. 

Now, about invasiveness: when my method was introduced nearly 40 years ago, 
it did not look impossible to take up the challenge of a radical solution to the pro- 
blem of difficult and complex hernia recurrence and multirecurrence. On the con- 
trary, its principles were judged correct by the surgical community and the ease 
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and satisfaction felt by the operator - whatever the level of his or her skill - when 
performing what some colleagues have called a blue flame procedure, have made 
these rather enthusiastic. Especially as the results of this method were proved regu- 
larly reproducible. 

Today »political correctness« in groin hernia surgery has joined the mininally 
invasive therapy justified fashion. This unavoidably leads to question the suppo- 
sed great invasiveness of GPRVS. My first remark is that, saying this, is to impli- 
citly compare my method with less invasive but not equivalent procedures of her- 
nia repair with regard to radical efficiency. Let me examine the tension-free repairs 
using mesh, worldwide credited with the greatest efficiency. Owing to their tridi- 
mensional shapes, plugs act like stoppers having with the groin musculofascial 
layers a circular fixation by a scar fibrosis restricted to the thickness of the deep 
layers. One can have doubts as to the later postoperative future of plugs: the cen- 
ter part of cylindrical plugs is never penetrated by the scar connective tissue and 
remains like a forgotten foreign body; while a flat plug is subject to shrinkage which 
does not exactly fit its obdurator function. 

Now, buttressing the transversalis fascia, in the retro-fascial space, using 100- 
200 cm^ pieces of mesh overcovering the weak area of the groin, assumes a wide 
face-to-face adhesion with both the contiguous layers during the healing process. 
This method has been pioneered by Acquaviva (Nylon, 1944) [1], Usher (Polypro- 
pylene, 1959) [10], Rives (Polyester, 1965) [7]; it is still used by an anterior or a 
posterior approach for mending Nyhus’s types III A and B or type-IV hernias [6]. 

A third type of method has been popularized by the publications of Lichten- 
stein (1989) [5], Gilbert (1988) [3] and Trabucco (1998) [9]. It uses small pieces of 
mesh (less than 50 cm^ of surface), just nearly enough to cover the inguinal suprali- 
gamentary compartment of Fruchaud’s myopectineal hole [2]. These mesh mini 
pieces seem to act by inducing a just sufficient amount of scar fibrosis to lock the 
sliding mechanism of re-appearance of a peritoneal diverticulum, whatever the 
positioning, either pre- or retrofascial, of the prosthesis. 

The aim of my method is, again, differently to the above-cited procedures, 
to make the parietal peritoneum unextensible by a wide enwrapment of the vis- 
ceral sac into a bilateral piece of mesh of very large size (> 400 cm^), using Pas- 
cal’s hydrostatic principle for pushing the prosthesis against the wall, so that no 
closure of the hernia orifice and no fixation of the mesh are done. With regard to 
its conception, there is no equivalent procedure able to be strictly compared to 
this method, which is both tension-free and sutureless. It is indicated in complex, 
multirecurrent or multiple hernias. 

Some other points are to be discussed. One is the crossing of the »sacred« 
median raphe of the abdominal wall with a potential risk of incisional hernia; 
the prevention of this deceiving pitfall is found in the use of a unique bilateral 
prosthesis which »protects« the midline incision, so that I have not observed any 
incisional hernia out of several thousand operated patients. Now about the large 
cleavage of the interparietoperitoneal spaces of Retzius and Bogros: every sur- 
geon knows that it is easy and quick, bloodless, distant from the regional nerves, 
apt to avoid any injury of the spermatic cord or regional vessels; thus, I report no 
postoperative testicular atrophy or chronic neuralgia. Remarkably, in the so-called 
mini-invasive laparoscopic procedures the same wide dissection as mine is done. 
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but »secretly« and with more difficulty and time consumption. Then, I agree with 
the mandatory attention to be given to the patient’s expectation of the best possi- 
ble postoperative comfort; with regard to that, laparoscopic procedures are credi- 
ted with immediately good postoperative results; surprisingly for a postop nur- 
sing team unfamiliar with GPRVS, my procedure has comfortable postoperative 
course. This is understandable for several reasons: no nerve is dissected during 
this surgery, the parietal peritoneum whose sensitivity depends on the parietal 
nerves loses its sensitivity after the inter-parieto-peritoneal cleavage; no closure 
of the hernia holes avoids every painful tension on a suture line; face-to-face adhe- 
sion of the prosthesis loosens the traction supported by the midline incision clo- 
sure. Lastly, one may deplore the unaesthetic median scar, the counterpart to the 
incomparable ease given to the surgeon by a midline subumbilical incision; for this 
concern a low horizontal incision of the skin, though needing the use of supp- 
lementary retractors for the operative performance, is undeniably of cosmetic 
interest, and it is routinely prefered by Xavier Henry, one of my successors in 
Amiens University Surgical clinic [4]. 

After Nyhus’ repeated advocations, I think that hernia cure must be individua- 
lized, thus hernia surgeons must be interested in having at their disposal a large 
range of procedures of variable agressivity, spanning from »watchful waiting« (zero 
»invasion«, a project currently on study) to GPRVS (opposite maximum of inva- 
siveness). Thus the latter is justifiedly invasive in selective indications: huge, mul- 
tiple, multirecurrent groin hernias, suprapubic incisional hernias (mostly after 
desinsertion of recti abdominis muscles, trauma or complex surgery). Even only 
rare indications of the success of my method would show, that GPRVS must be 
maintained as an exceptional irreplaceable operation. 

On the whole, GPRVS is still worth being taught within the hernia repair sur- 
gical arsenal for several reasons which transcend the sole aspect of invasiveness 
(which, after all, is a basic salient feature of surgery): It has been a revolutionary 
historical step in hernia surgery tactics. Several interesting procedures at least 
partly derive from it, namely the operations proposed by Wantz, Kugel, Ugahary, 
and laparoscopic repairs, among others. It fits the treatment of the most difficult 
and complex groin hernias, and, apart from the groin region, of other locations 
and types of hernias, such as ventral and incisional ones. It is really an almost 
absolute weapon against recurrence, while being, also, of easy and safe perfor- 
mance, and cheap. Finally, it is chiefly a special method for mending special types 
of wall defects, and its guiding concept has precedence over simple application 
details. All chances are allowed in the state of GPRVS including that of disappea- 
ring. 
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Discussion 



Bendavid: The laparoscopic surgeons often claim that they simply respect the prin- 
ciples that you have discovered. Do you agree? 

Stoppa: No, because the laparoscopic procedure usually needs many points of fixa- 
tion, whereas the GPRVS is suture-free, so it not the same. 

LeBlanc: Prof. Stoppa, there are some laparoscopic techniques that do not use any 
sutures. At the beginning there was a lot of fixation in laparoscopic techniques, 
but there is a move to use less and less. Meanwhile there are some that don’t use 
any suture at all. 

Stoppa: The main principle of the PPRVS is the enwrapment of the visceral sac. 
You do almost the contrary, you only achieve the enwrapping of a small part of the 
peritoneum. 

O'Dwyer: We have been doing the TEP, that doesn’t go through the peritoneum, 
for many years without fixing it. As laparoscopist we did exactly what you descri- 
bed for open. 



Stoppa: Thank you. 





38 The »Grid-lron« repairof groin hernia, 
a standard procedure? 

R.K.J. SiMMERMACHER 



Introduction 

After years of apparant concensus about the technique used to repair a groin her- 
nia, different surgical innovations have completely changed the attitude towards 
this type of abdominal wall defect, resulting in an increase of interest in one of the 
most often performed surgical procedures. The introduction of non-absorbable 
meshes [1] which so far in humans did not show devastating side effects, the renais- 
sance of surgical approaches to the back side of the myopectineal orifice of Frauch- 
aud [2] and the evolution of the laparoscope assisted surgery completely overtur- 
ned the Bassini technique for the repair of groin hernia, which has been the gold 
standard for decades. Therefore surgeons and patients are in search of a new stan- 
dard operation for groin hernia. Before any technique can be recommended as a 
standard, many questions should be answered. One of the most important questi- 
ons in this respect is the definition of »standard«. With a given definition, the tech- 
nique under question should be tested whether it fulfills the conditions necessary 
to be seen as a standard in theory and in practice. 

In this chapter an attempt is made to investigate whether the grid-iron« (GI) 
technique according to Ugahary is suitable as a standard for the repair of groin 
herniae. 



Standard 

According to English dictionaries [3] the meaning of standard firstly depends on 
whether it is seen as a noun or an adjective. In the first case we are talking about 
»something set up and established by authority as a rule for the measure of quan- 
tity, weight, extent, value or quality. As an adjective there are different meanings. 
Standard might be anything which is sound and usable but not of top quality, or 
regularly and widely used and very familiar, and finally substantially uniform and 
well-established having a recognized and permanent value. 

So far it has not been determined who or which institution is the »authority« on 
the domain of abdominal wall surgery, or more especially, in the terrain of groin 
hernia repair. Institutions like the European and American Hernia Society cer- 
tainly harbour brains which should be able to determine what should be a stan- 
dard, but up to now have not produced guidelines on the repair of groin hernia. 
Besides this there is no governmental acceptance of these institutions as an aut- 
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hority. To my knowledge, there are only a few countries where well-accepted 
national guideline exists concerning the repair of groin herniae, which, however^ 
still lack governmental acceptance. Recently in The Netherlands guidelines for 
the management of groin hernia, evidence-based, have been published, accepted 
by the Dutch Association of Surgeons and are in the process of nationwide imple- 
mentation [4]. Therefore the grid-iron technique will be compared to the advice 
given by the Dutch guidelines. 



The Grid-iron Technique 

The technique has been described before [5] but will be explained here again 
shortly. Principally, it is a ten-step procedure. The first step, called the prepara- 
tion, consists of positioning the patient in a slight Trendelenburg position while 
turning him slightly to the contralateral side. This is a favorable position, as then 
the peritoneal sac will be displaced in a craniomedial direction, facilitating the 
dissection of the preperitoneal space. Furthermore the future skin incision is 
determined. It is advisable to draw lines on the patient’s skin representing the 
inguinal ligament, the inferior epigastric vessels, originating from the femoral 
vessel and directing towards the umbilicus, as well as the lateral margin of the 
distal rectus abdominis muscle (Fig. 1). This drawing indicates the position of the 
internal ring. The skin incision should be about 2 cm craniolaterally from the 
internal ring, mostly slightly under the level of the anterior superior iliac spine, 
which generally is the weakest point in that area. If the patient is ready for sur- 



Fig. 1 . This photograph 
shows the preoperative 
markings used to deter- 
mine the skin incision. The 
first line marks the ingui- 
nal ligament (I J, then the 
lateral margin of the ipsila- 
teral rectus muscle is 
determined (2). Origina- 
ting from the femoral 
artery (3j, a line connec- 
ting these and the umbili- 
cus can be drawn symboli- 
zing the inferior epigastric 
vessels (4j. By doing this, 
the internal ring of the 
inguinal canal can be 
determined (5). The future 
incision then should be 
parallel to the skin lines 
about 2-3 cm craniolate- 
rally to the internal ring, 
commonly the weakest 
point of this area (6) 




372 



VIII Actual Guidelines for Mesh Repair: Why to Prefer a Certain Technique? 




Fig. 2. Photograph showing eight drawings of the posterior aspect of the right groin area, repre- 
senting several steps of the grid-iron technique for the repair of groin hernia. Explanation of 
the different steps is given in the text. (Original drawings by F. Ugahary) 



gery, the marked skin incision is used and the preperitoneal space is reached via 
a muscle-splitting (grid-iron) dissection (step B1 in Fig. 2). Thirdly, the preperito- 
neal space is bluntly dissected, starting with identification of the inferior epiga- 
stric vessels which should be kept attached to the anterior abdominal wall and 
protected by keeping them behind a retractor. Dissection should reveal a space 
reaching from the ipsilateral obturator foramen up to the arcuate line and from 
the contralateral side of the symphysis to the ipsilateral external iliac vessels. 
While doing this, generally a direct hernia is reduced and detached from the 
transversalis fascia. The spermatic cord should be identified and a possible indi- 
rect hernia should be looked for. If there is an indirect hernia the peritoneal sac 
is to be ligated near the internal ring. There is no need for retriveal of the distal 
part of the indirect component out of the inguinal canal. In all cases the perito- 
neal sac accompaning the vas should be detached for at least 7 cm in order to 
guarantee a future position of the cord between the mesh and the anterior abdo- 
minal wall. After having completed the dissection, a 10 x 15 cm non-resorbable 
not too weak mesh should be trimmed slightly at the corners and rolled up aro- 
und a long forceps. Ideally, the direction to roll up the mesh on the forceps for a 
right-sided groin hernia should be clockwise and for a left hernia counterclock- 
wise. While slightly lifting the anterior abdominal wall with a retractor and pus- 
hing back the peritoneal sac with a spoon-like device the mesh is inserted paral- 
lel to the inguinal ligament so far that the center of the mesh will be just medial 
to the internal ring (step B2 in Fig. 2). The forceps is changed now for another 
retractor, which should be inserted in such a way that the outer sleeve of the roll 
is fixed to the symphysis (step B3 in Fig. 2). Then the retractor used to lift the 
anterior abdominal wall is inserted into the same area and then unfolds the ante- 
rior cranial part of the mesh cephalad (step B4 in Fig. 2). The same retractor now 
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fixes the mesh to the anterior abdominal wall without lifting it, while the retrac- 
tor used to fix the mesh to the symphysis now is used to unfold the caudal part 
of the mesh in caudolateral direction in a kind of a U-turn like movement (step 
B5 in Fig. 2). The peritoneal sac hereby should be completely covered by the 
mesh at its bottom part. This might be facilitated by reversing the Trendelen- 
burg position at this stage. Attention should be paid to the fact that the sperma- 
tic cord should lie between mesh and anterolateral abdominal wall. Two for- 
ceps now should be used to mould the lateral margin of the mesh in such a way 
that it completely covers the muscle-splitting incision and be completely unrol- 
led (steps B6 and 7 in Fig. 2). At this moment the position of the mesh could be 
controlled digitally or by striking with the spoon-like device at the inner and 
outer surface of the mesh. Finally, the wound is closed by approximating the split 
muscles with an absorbable suture, one stitch of which should pick up the mesh 
to fix it to the wall (step B8 in Fig. 2). Skin closure is left to the surgeon’s prefe- 
rence. 



Results of the G-l Technique 

Up to now not many results have been published in the literature. The preliminary 
results of a randomized clinical study comparing the G-l technique with the totally 
extraperitoneal laparoscopic groin hernia repair published in 2000 showed that 
in experienced hands the skin-to-skin time in the G-I technique was signifi- 
cantly shorter than for the TEP approach (27 versus 39) [6]. The number of 
perioperative complications, like bleeding from the epigastric vessels and peri- 
toneal tears were comparable but led to conversions in the TEP group while all 
these problems in the G-I group could be handled through the original incision 
which did not necessarily have to be enlarged. Submitted results after a follow 
up of half a year of these 162 patients revealed a similar percentage of recurren- 
ces in both groups (1%) with the only difference being a higher number of 
patients complaining about not disabling »discomfort« in the G-I group. The 
reason for this is still not identified. Ugahary himself published the results of his 
first 427 hernia operated with his technique showing a recurrence rate of 1.7%, 
which was attributed to his own learning curve, as most of them appeared in the 
beginning of the application of this method [7]. Furthermore originally the 
mesh used had a size of 8 x 10 cm which later was changed to 10 x 15 cm. Four 
out of the seven recurrences were identified within the first postoperative week 
and corrected directly through the same incision. Unfortunately, he did not 
compare it to the method used before, and the group of patients shows a very 
mixed group of primary unilateral, primary bilateral, recurrent, femoral and inc- 
arcerated herniae with bowel resections, which precludes a thorough judgement. 
Unpublished results of 865 herniae in 746 patients operated by Ugahary and his 
team in Tiel in a 5-year period resulted in 11 recurrences (1.2%) after a minimal 
follow up of at least one year. Contrary to the results of the randomized clinical 
trial discussed before the number of patients with persistent discomfort after 3 
months was negligible (0.5%). 
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Dutch Guidelines 

A committee of nine surgeons chaired by M. Simons produced after a 2-year period 
the Dutch guidelines on the management of groin hernia, which were presented 
during the 24th Congress of the European Hernia Society in Amsterdam in June 
2002 [4]. They are evidence-based and officially accepted by the Dutch Assoscia- 
tion of Surgeons. They expire in December 2003, after which a revision has to take 
place. In the meantime, an English version hopefully might serve as a basis for 
European Guidelines. There is level- 1 evidence that the use of a non-absorbable 
mesh reduces the number of recurrences significantly. Endoscopic-assisted tech- 
niques do have a faster postoperative recovery, but are more expensive and show 
a learning curve. For these reasons the committee advises using the Lichtenstein 
technique in symptomatic unilateral primary groin hernia in an adult. This is sup- 
ported by the general impression that the direct audit of trainees is more obvious 
and the indicated tendency towards the use of local anesthesia only for the repair 
of groin hernia in adults. Primary bilateral herniae also should be treated with a 
mesh applied either via the anterior route according to Lichtenstein or via the 
posterior way through an endoscopic approach, among which the totally extrape- 
ritoneal (TEP) is the most favorable. Recurrent herniae have been dealt with mesh 
already for a much longer period and this should be continued. The technique 
should be determined by the previous approach in such a way that the latter has to 
be avoided in the second operation. So after a previous anterior approach, for the 
recurrence a posterior technique either laparoscopically or the G-I technique are 
favored, vice versa the Lichtenstein technique. 



Matching of the G-I Technique and the Gold Standard/Guideline 

Only one aspect of groin hernia surgery meets level- 1 evidence and that is the fact 
that using a non-absorbable mesh reduces the number of recurrences. In this res- 
pect the G-I techniques fulfill the demands of a standard. However, in surgery there 
are other factors that determine what »standard« is. While formulating the advice 
given by the committee of the Dutch guidelines, it was discussed that ideally the 
most practical technique should be the one that not only corresponds with the high- 
est level of evidence but also should be easy to teach and to learn without having 
too long a learning curve, showing clearly defined steps and being suitable for 
local anesthesia. Finally, as late, possibly disabling, pain is becoming more and 
more an important issue as recurrences as major outcome parameter decrease, 
there should be hardly any negative sequelae in the long term. However, there is a 
tremendous lack of information and an ongoing discussion about the learning 
curve and long-lasting postoperative pain while the issue of teaching qualities of 
any of the different technique so far has never been described in the literature and 
has hardly ever been an issue of debate during congresses. Information on these 
subjects therefore is anecdotal or personal. The fact that the Lichtenstein techni- 
que emerged as the first choice was also based on the fact that the writing com- 
mittee had the impression that this technique does not have such a long learning 
curve, guarantees a good peroperative audit and was shown to be very suitable 
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for local anesthesia. With these facts in mind, it is quite clear that the G-I techni- 
que cannot be seen as the standard operation for primary unilateral groin herniae. 
Although, the grid-iron incision might be increased, in case of any trouble, visibi- 
lity of the working area always will be slightly limited due to the angle of attack 
and the distance to its deepest point of dissection. Direct audit is nearly impossi- 
ble, making it a difficult technique to teach to the inexperienced in this field. Once 
familiar with the technique, it is a fast and elegant operation which, however, is 
not really suitable for local anesthesia [8]. Another general aspect to be taken into 
account might be costs of the operation. Many factors contribute to the final sum 
of money which has to be paid, but it is also dependent on the point of view, as 
the surgeon and the hospital administration might have different views on this. 
In this respect, the G-I technique scores positively, as, in general, special instru- 
ments are not really necessary, although it has to be admitted that longer resua- 
ble forcepses and retractors facilitate the operation. Furthermore, as shown in the 
clinical trial, average operation time is about 30 min which is faster than the TEP, 
possibly resulting in more patients to be operated upon within the same time with 
the G-1 technique [6]. The above-mentioned items are general aspects which should 
be taken into account when matching any surgical technique to an existing writ- 
ten guideline. However, there are more aspects which might influence what is cal- 
led a standard. One, certainly, is the surgeon’s attitude towards a certain technique, 
and most important also, is the patient’s attitude towards the product the surgeon 
offers him. Ideally, the surgeon’s attitude towards a (new) technique should be 
directed by his knowledge about the pathophysiology of the disease he is attacking 
and the assessment of whether his personal surgical skills are sufficient to per- 
form the technique. Although known for centuries, the exact pathophysiology of 
primary groin hernia is still unknown, but is most probably multifactorial, inclu- 
ding changes in the composition of the fibrocollagenous tissue, pressure in the 
abdominal cavity and changes in the fixation of the subcutaneous fatty tissue in 
the groin area [9]. As long as there is no definite answer to these questions a gold 
standard based upon pathophysiologic arguments cannot be given, which there- 
fore enables the surgeon to customize his technique to the patients anatomy and 
his own skills. As for the grid-iron technique, knowledge of and experience wit- 
hin the preperitoneal space in the groin area is important, lack of both, as well as 
lack of interest, should prevent the surgeon from using that technique. Knowledge 
of this area certainly is gained by a surgeon who uses the TEP technique for the 
repair of groin hernia and the vascular surgeon performing retroperitoneal repair 
of the common iliac vessels and or kidney transplantation. 

Finally, of course, one should listen to the patient, his medical background as 
well as his expectations before applying any kind of groin hernia repair. Exten- 
sive earlier dissection of the preperitoneal space as in abdominal prostatectomies, 
appendectomy with extensive peritonitis or any other intraabdominal disease 
with intensive involvement in that area preclude the use of the grid-iron techni- 
que [10]. 

Based on these facts, it is my impression that the G-I technique is not the first 
choice or gold standard for the management of primary unilateral groin hernia; 
however there are enough facts that might favor this technique as the first choice in 
the repair of a recurrent hernia after a prior anterior approach either with or with- 
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out mesh, as long as the general preclusions for this approach are not met. In these 
cases, in which an endoscopic approach according to the Dutch guidelines might be 
favored the important advantages of the G-I technique compared to the TEP techni- 
que, like shorter skin-to-skin time, direct audit, direct control in case of difficulties 
as well as the use of »normal« reusable instruments together with the possibility of 
regional anesthesia, might be convincing enough to use the G-I technique as a stan- 
dard in these circumstances. The same might be true for primary bilateral groin her- 
nia; however, so far this is more of an expert opinion than based upon evidence. 

Conclusion 

The answer to the question whether the grid-iron technique has the chance to get 
a standard operation for the groin hernia is no as it so far lacks evidence that it 
meets all the prerequistists a gold standard has. From an experts’ point of view that 
answer is much more difficult but anyone performing this technique regularly will 
admit that there is learning curve, that it is not easy to teach, especially to people 
inexperienced in this area and that it is not suitable for local anesthesia, issues 
which are well met with a tension-free repair from the anterior side. However, it 
is potentially suitable as the standard for the repair of a recurrent hernia after an 
anterior approach, which still has to be demonstrated in clinical trials. 
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Discussion 



Jeekel: You made a very important conclusion that it is maybe the best solution for 
a recurrent hernia. You say this as a very positive statement, but what about the 
costs? Is it more cost-effective than a Lichtenstein? 
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Simmermacher: Your first remark this morning was, we need evidence-based tri- 
als to show what we have to tell, and I don’t have the information based on clini- 
cal prospective randomized trials. My personal opinion is, we have been looking 
at what happens in the recurrences which have been operated by Dr. Ugahary and 
myself. We have been looking at the time. Compared to the TEP it needs 10 min 
less, 27 min for the Ugahary and 39 min for the TEP. This might save time if you 
can do more operations in the same time. The instruments are just ordinary instru- 
ments meaning no additional specific expenses. 

Bendavid: It is well established that one of the most important criteria for hernia 
surgery is 

(1) visualization, 

(2) mobilization and 

(3) lack of tension. 

The first two are not respected at all. I don’t see that with a small incision of 2-3 cm 
we can do the excellent operation Prof. Nyhus introduced with an excellent view, 
good exposure and mobilization. 

Simmermacher: We think, to be honest, the Nyhus operation is more destructive 
that the Ugahary approach. In the Ugahary you are dividing the muscle fibers of 
the lateral abdominal wall just as you did for appendectomy. So there is no need to 
go through the rectus muscles or something like that. We do have to admit that 
the visualisation is less than with the Nyhus or the Stoppa procedure. Therefore we 
think the learning curve is important and longer than with the Shouldice or Lich- 
tenstein repair. 

Nyhus: It seems to be that the Ugahary - I have never read a single article of it, 
but I am familiar with the Kugel technique - is a very poor operative approach with 
small incision with poor visualization, and I cannot understand, why we can bring 
up exposure to really see what we are doing. Why go through this small whole, stick 
your finger in, poking around, and then taking the mesh and poke it in there? I 
am astonished that the results are so good. Please comment on this preperitoneal 
approach compared with a proper approach. 

Simmermacher: First of all, there are some quite big differences between the Uga- 
hary and the Kugel technique. The incision in the Kugel repair is more medial, 
the visualization is certainly less than in the Ugahary repair. Additionally, there is 
too much material, because it is a double layer and you put it in without control 
as to whether the mesh is in its final position. In the Ugahary technique, which I 
prefer to call minimum access surgery, because it is not a minimal invasive sur- 
gery as the area of dissection is the same as for TEP - if you get in trouble with the 
Ugahary technique you just might increase the muscle incision. The visualization 
can be increased in these normally older men just by retracting the very flexible 
abdominal wall and then you will get quite a good insight, very much in contrast 
to the Kugel approach. Finally, we cover the original incision with a mesh. 
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Kingsnorth: In combination with guidelines, it is necessary to audit them and to 
eliminate bad practices. You only find out whether an expert technique works by 
putting it into general surgical practice and then evaluating and auditing it. I quite 
agree, we need a variety of techniques out there as the skills of the surgeons are 
quite different; but we do need to know which operations don’t work. Some ope- 
rations may be good in practice in the hands of experts, and in theory it may be a 
good operation, but in general they won’t work. 

Simmermacher: I totally agree with you. 

Read: Is there any role for an endoscope in this procedure? I saw it with Dr. Uga- 
hary, that he sometimes used it. 

Simmermacher: That is for the guests to see what is happening. 




Laparoscopic Techniques in the Groin 



39 TEP: for super specialists, not for the 
general surgeon? 

A. Montgomery 



Introduction 

There has been intense debate regarding the optimal surgical treatment of ingui- 
nal hernias since the introduction of the laparoscopic techniques in the beginning 
of 1990. The inguinal hernia repair is the most common operation performed by 
general surgeons. It had previously been considered a low-status operation by sur- 
geons. This has resulted in a poor introduction of the surgical technique to the 
resident, who has then been left alone to perform the surgery. Results are seldom 
reported and if they are, the recurrence rate is often 20-30%. 

There have been a few centers around the world with a deep interest in hernia 
surgery, usually advocating their own technique and reporting excellent results. 
These results have not always been possible to reproduce in the community hospi- 
tal setting where most patients are operated. 

The introduction of laparoscopic techniques has greatly influenced clinical prac- 
tice. It has changed the pathway of open surgery making the use of non-resorba- 
ble suture materials mandatory and increasing the use of mesh materials. The sta- 
tus of performance and demand for education has risen. 

The demand for randomized controlled studies when introducing new techni- 
ques has generated more and more reports of large series, even if long-term results 
are still lacking. Two meta-analyses of randomized trials of laparoscopic versus 
open inguinal hernia repair and mesh versus non-mesh methods of open inguinal 
hernia repair [1,2] have recently been published. 

Most patients prefer atraumatic surgery, with low morbidity and rapid return, to 
normal activities. Recurrences have formerly been the main focus of hernia surgery 
but this is not the long term complication. Persistent pain and numbness are pro- 
blems that seem to be far more common than previously known. 

TEP, totally extraperitoneal patch, was introduced as the »second-generation« 
endoscopic hernia operation in order to avoid the potential intraabdominal com- 
plications associated with the transabdominal preperitoneal technique, TAPP. 

Is this technique too complicated for the general surgeon in a community hos- 
pital? The TEP technique will be discussed in the perspective of operative perfor- 
mance, learning curve, complications, return to normal activity, costs, recurrences, 
late discomfort, indications and contraindications. 



V. Schumpelick et al. (eds.) Meshes: Benefits and Risks 
© Springer-Verlag 2004 
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Operative Performance 

The introduction of minimally invasive technology to repair inguinal hernias was 
natural after the introduction of laparoscopic cholecystectomy. The endoscopic 
techniques are based on the open extraperitoneal technique of Stoppa. Phillips 
and McKernan independently introduced the TEP technique in the beginning of 
the 1990s [3,4]. 



Anesthesia 

The technique requires relaxation of the abdominal muscles in order to create an 
extraperitoneal space large enough to be able to work in. In order to achieve this, 
general anaesthesia is required. There are few reports on using epidural anesthe- 
sia [Ij. 

Special attention is needed due to the use of carbon dioxide insufflation indu- 
cing hypercapnia and acidosis. The TEP procedure induces a significantly greater 
magnitude of carbon dioxide absorption than TAPP and laparoscopic cholecy- 
stectomy and the required minute ventilation is significantly higher [5, 6]. This 
is probably due to the increased gas exchange area produced in the larger wound 
bed created preperitoneally in TEP. The extension of postoperative subcutaneous 
emphysema is also more extensive in TEP with potential postoperative hypercap- 
nia and acidosis. 

Postoperative analgesia by local wound infiltration is superior to placebo. The 
instillation of bupivacaine extraperitoneally did not add any additional analgesic 
benefits to local infiltration, but asymptomatic groin fluid collection was common 
and this technique is not recommended [7]. 



Preparing the Preperitoneal Space 

Three trocars (10, 5 and 5 mm) in a row in the midline from the umbilicus are 
recommended. Using this trocar placement both sides can be operated in the 
case of bilateral hernias without need of additional trocars. A 10-mm blunt tro- 
car is introduced by open technique transrectally to the posterior rectal fascia 
and slid downwards to the pubic symphysis preparing the preperitoneal space by 
using the trocar followed by the camera and carbon dioxide insufflation. This 
technique has been adopted by many instead of using disposable trocars and 
the dissecting balloon, in order to keep costs down. Two randomized studies 
comparing the use of a dissection balloon showed equal results concerning 
morbidity and recurrences, but with a slightly longer operation time in one 
study [8,9]. 

A gas pressure of 10 mmHg is usually enough to create a good working space 
while minimizing hypercapnia. The two midline 5-mm trocars are placed under 
direct vision and dissectors are used for blunt atraumatic dissection of the space. 
A direct hernia is often reduced when using balloon dissection, in contrast to the 
technique without balloon. 
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Surgical Procedure 

In order to make surgery easy and safe, it is of great importance to adopt a stan- 
dardized technique performing the operation identically every time. The anatomy 
of the pelvis and groin is very consistent from patient to patient and the goal is to 
keep it this way. The camera operator is of utmost importance and should be fami- 
liar with all the steps of the operation. 

One technique is to identify specific landmarks. Personally, I always start with 
identifying the pubic symphysis and the epigastric vessels, the latter being located 
close to the rectal muscle, followed by dissection of Cooper’s ligament. A direct 
hernia is reduced and the space between the cord structures and the epigastric 
vessels are dissected until the lateral wall is reached. In the case of an indirect her- 
nia in an operation for bilateral hernias, the dissection is halted on the first side 
and the contralateral side is dissected instead. This is done in order to avoid an 
early tear of the peritoneum, which minimizes the operating space. 

An indirect hernia is reduced by blunt dissection, rolling the peritoneum off the 
cord structures at the internal ring followed by reduction of the whole sac. Peri- 
toneum is mobilized along the triangle of Dome leaving at least 5 cm of the sper- 
matic vessels dissected and the spermatic cord well separated. At this stage a femo- 
ral hernia will also be reduced and the femoral vein is identified. 

Usually, no diathermia or scissors are needed. The space should be kept dry. 



Tear of Peritoneum 

The incidence of peritoneal tear is reported as 40-47%. Of course, the magni- 
tude of the tear differs a lot. A reason for closing it would theoretically be to avoid 
bowel adhesions and internal herniation. In 100 consecutive patients a defect 
was seen in 47 and was closed by either suturing, stapling or loop ligation, resul- 
ting in a prolonged operation of 13 min [7]; 0.05% small bowel obstruction was 
seen after inadequate closure of peritoneum in the largest TEP series of 5200 pro- 
cedures [11]. 



Placement of the Mesh 

Large meshes have been advocated since recurrences in the early era of laparos- 
copic operations occurred with fairly small meshes. It is recommended that the 
mesh covers the whole area past the symphysis medially and 5 cm past the inter- 
nal ring laterally. It should go below Coopers ligament and cover the triangle of 
Dome at the bottom and cover well above the hernial defects at the top. Usually a 
15 X 12 cm polypropylene mesh is used. In the case of bilateral hernias the meshes 
should overlap in the middle. 

Mesh fixation has been under debate. Possible side effects of using staplers or 
screws are pubic osteitis, nerve entrapment and chronic pain. In the largest TEP 
series no staple fixation was used resulting in only 0.6% recurrences at late follow 
up. Chronic pain was not reported [11]. 
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Staplers should be avoided below the inguinal ligament laterally. This can be 
achieved by feeling the stapler on the abdominal wall externally. Care should also 
been taken to avoid the vessels and the periost, and as few clips as possible should 
be used. 

Polycyanoacrylate have been used as glue for the fixation of the mesh as an alter- 
native to staplers. This method has not been validated so far. 



Learning Curve 

It is generally believed that the TEP procedure is a technically difficult procedure 
with a prolonged learning curve compared to open hernioplasties. This has never 
been proved in any study. The problem is probably that the general surgeon of 
today is not familiar with the anatomy of the inside of the groin and has not been 
taught this during his/her education. Residents today, having both a program for 
laparoscopic training in general and being exposed to the TEP technique early, will 
probably handle this problem more easily. 

The focus on education and quality control of surgery has also forced surgeons 
to raise the quality of surgery in general. The endoscopic methods are in favour of 
this, since everyone in the operating theatre can follow the operation and there is 
a possibility to video tape the operation for later analysis. It is wise to utilize all 
operations for instruction in order to discuss the technique and alternate during 
the operation. The learning curve will probably be shortened by learning a speci- 
fic part of the operation at the time, making it reasonable both for the tutor and 
the resident with regard to both operative time and mental effort. 

The learning curve for TEP has been studied in the absence of an experienced 
supervisor demonstrating a peak after performing 50-80 procedures concerning 
operative time which is reduced to less than one hour with a further reduction to 
30 min after 200 cases [12, 13]. 

Even during the learning process, TEP carries a low morbidity and conversion 
to another technique varies between 2 and 17% [12, 13, 14]. In the meta-analysis 
by Grant, the overall conversion rate in endoscopic surgery is 2.7% [1]. 

The recurrence rate is 2.3% overall, getting even lower after 100 operations [13]. 



Complications 

Postoperative complications are generally mostly minor and quite uncommon with 
varying prevalence in different trials. In Grant’s analysis, it is concluded that there 
are fewer haematomas and wound infections but more seromas in the laparosco- 
pic group compared to open surgery [1]. Urinary retention following TEP is repor- 
ted in 1-4% [15, 16]. Nerve entrapment was reported early in the era of TAPP but 
is now seldom an issue due to the knowledge of nerve anatomy. Liem et al. [15] 
have performed the largest study (994 patients) randomized to either TEP or open 
surgery with an overall complication rate of 9% for TEP and 19% for open surgery. 

Major complications, e.g. serious visceral, vascular and bladder injuries as well 
as ileus are reported in 0.2-0.4% in large series/over 1000 operated patients) [1, 
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12, 17]. The meta-analysis concludes that there is a higher risk of rare complicati- 
ons mainly in the TAPP operations than in open surgery. Deep infections are repor- 
ted only as single cases. 



Trauma, Pain and Return to Normal Activity 

The inflammatory response (C-reactive protein) has been measured before and 48 h 
after surgery and was significantly lower compared with Nyhus, Bassini and Lich- 
tenstein hernioplasties [18]. 

Wound pain, postoperative need for analgesics, return- to -work time and phy- 
sical activity showed significant advantages with endoscopic surgery compared to 
open in 15/22, 16/21, 16/22 and 18/25 studies respectively [19]. 

Regarding return to normal activity, there was an absolute difference of 7 days 
between endoscopic and open surgery in the metastudy [1]. In six randomized 
studies the time to return to daily activity was 6-14 days in the TEP group and 
10-23 in the open group. Time to return to work varied between 8 and 21 in the 
TEP group and 15 and 35 in the open group [15, 20, 21, 22, 23]. 



Costs 

Hospital costs have been calculated in four studies. TEP is between 20 and 75% 
more expensive than open repair depending on the use of disposable instruments, 
trocars and balloon dissectors [23, 25, 26, 28]. The use of disposable equipment in 
one study adds 30% to the hospital costs [27]. The other costs are related to the 
increased theatre time, equipment and sterilization costs. 

The overall cost for the society are calculated in two studies concluding that 
the laparoscopic technique is less expensive and more effective from a social per- 
spective if disposable instruments are not used [23, 25]. 



Recurrences 

The overall recurrence rate in the meta analysis was 2.7% in the endoscopic group 
and 3.1% in the open group. When open repair used mesh, the recurrence rate was 
similar in both groups. The follow-up time varied between the studies and was 
3 years at most. It is stated that the use of mesh per se rather than the method of 
placement, is associated with the reduction in risk of hernia recurrence. 



Late Discomfort 

This is a problem that might become of more importance than the recurrence rate in 
the future. It has come into focus after the long-term results of the large multicen- 
ter trials have been analyzed. Problems range from minor to severe persisting pain. 
There is no prospective long term study of life quality before and after surgery. 
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Persisting numbness after 1 year is seen in 7% in the laparoscopic group (no 
difference between TAPP and TEP) compared to 13% in the open group. Persisting 
pain is seen in 13% in the laparoscopic group compared to 19% in the open group 
[1]. In a questionnaire study of 560 patients with 81% reply, 38% of the openly 
operated and 22% of the TEP reported chronic pain or discomfort with a total 
of 18% having restricted daily physical or sporting activity [29]. In another 
questionnaire study on operation for recurrent hernias by TAPP and TEP, 20% 
reported occasional discomfort and pain after 2-4 years [30]. 



Comparison TEP Versus TAPP 

There is a slightly higher incidence of complications with TAPP repair including 
small bowel obstruction, small bowel injuries and trocar hernias [31, 32, 33]. There 
was a higher incidence of complications and recurrence in TEP operated patients 
that had a history of prior lower abdominal surgery [31]. 

However, the TEP repair was not performed until after large experience with 
TAPP was achieved, and this might be the explanation for most of the difference. 
With experience, the complication rate has also been demonstrated to be equal bet- 
ween the two (34). 



When to Advocate the TEP Technique 

Today, the technique is widely accepted for recurrent hernia surgery with no prior 
preperitoneal surgery performed and for bilateral hernias where probably most 
benefits are made concerning time to full recovery, operation time and recurrence 
rate [21, 35]. The use of the technique in primary hernias is currently limited due 
to cost and availability of trained surgeons. 



When to Avoid the TEP Technique 

The technique requires a fully anesthetized patient with an untouched, big enough, 
preperitoneal working space to be successful. This will exclude some patients: 

• Patients not fit for general anesthesia. 

• Prior lower abdominal surgery especially in the preperitoneal space like: 

- lymphatic glandular excision, 

- radical prostatectomy, 

- former preperitoneal hernia surgery. 

• Radiotherapy in the region. 

• Irreducible hernias. 

• Giant scrotal hernias. 
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In Summary 

The TEP technique looks very promising in view of faster return to normal activity 
and reduced chronic pain and numbness with low recurrence rate compared to 
open techniques. Chronic pain, which is currently considered of less importance, 
will most likely become of great concern in the future. 

Many issues regarding the use of meshes remain to be answered and the TEP 
technique is definitely included in this discussion in the future. 

The TEP technique requires a thorough education which is presently available at 
many institutions. It is no longer acceptable to operate without fulfilling these cri- 
teria. Passing a proper educational program leading to certification might be wise 
for all types of hernia surgery. The learning curve can thus be shortened, reducing 
complications and operation time, in the long run also giving community hospitals 
access to the technique. 

In conclusion: TEP: for a new generation of general surgeons! 
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40 Transperitoneal Laparoscopic Inguinal 
Hernia Repair (TAPP) - an Inferior Method? 

BJ. Leibl 



Introduction 

Inauguration of the transperitoneal laparoscopic hernioplasty more than a 
century ago made a revolution within inguinal hernia repair and furthermore 
improved the anatomic and functional understanding of these herniation. After 
the first therapeutic attempts of laparoscopy, the method of single-clip clo- 
sure of the hernia sac [11] and the laparoscopic patch-and-plug technique 
[41] or the procedure with an intraperitoneal onlay [44] had to be left ineffec- 
tively. 

Nowadays the concept of laparoscopic hernia repair is limited to trans- and 
totally extraperitoneal hernioplasty - the difference between those techniques is 
the method of access to the preperitoneal space. 

Not only by the impetus of laparoscopic repair methods, a couple of further the- 
rapeutic options have found access to the spectrum of inguinal hernia repair in the 
past years. So a differentiation and characterization within this therapeutic plura- 
lism is difficult; on the other hand, it might be of special importance. The discus- 
sion about indication and therapeutic effectiveness can be considered as an eva- 
luation criteria for the assessment of TAPP repair. 



The TAPP Technique 

According to the technical evolution of the TAPP repair during the past 10 years, 
the following technical steps currently can be identified [19]. Even though feasi- 
bilitiy in local anesthesia within case reports [29] is described, TAPP is carried 
out under general anesthesia in the majority of cases. Additionally, the necessity of 
general antibiotic prophylaxis is not clear up to now, it is generally administered at 
the author’s department. 

Access to the abdomen is usually made with the closed puncture technique. 
Using this technique [25, 36] it is important to keep to the safety tests. In patients 
with previous abdominal surgery it is advised to place the primary access within 
distance of the potential adhesions expected in these patients or to advance accor- 
ding to the Hasson technique. It is generally recommended to take a three-trocar 
technique with use of a 10 mm trocar for the camera periumbilically. Two further 
12- and 5-mm trocars are placed in the medioclavicular line on the right and left 
side of the umbilicus. 
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After intraabdominal diagnostic assessment and classification of the hernia 
situation, an incision of the peritoneum at the side of the hernia is made, rea- 
ching from the umbilical plica directly to the anterior iliac spine. Incision should 
be placed 3 cm ventral to the hernial defect. Dissection of the peritoneum from 
the cord structures and the preperitoneal region follows afterwards. During this 
step of the operation the spermatic fascia as a separating layer between preperi- 
toneal structures and the later implant should be respected. Proceeding close to 
the hernia sac, intraperitoneal reduction is easily possible even in scrotal hernias. 
The ligament of Cooper is to be exposed beyond the symphysis 1-2 cm to the con- 
tralateral side. Finally a generous mobilization of the peritoneal sac in direction of 
the psoas muscle is important (parietalization). A sufficient placement of the mesh 
can be made after this extension of the preparation. Mesh placement implies fold- 
free implant covering of the hernia plus other potential defect locations. Fixation 
of the mesh is made either by stapling or by suturing, respecting the regions of 
exclusion. Attention should be paid to strict closure of the peritoneum afterwards, 
most easily achieved by suturing. 

Removal of the trocars should be made under videoendoscopic control, so any 
possible bleeding at the insertion area can be detected. In principle, non-cutting 
conic trocars are recommended, because their non-cutting dilating mechanism 
prevents bleeding as well as hernia formation. A preperitoneal drain is generally 
unnecessary, even though in selected cases of scrotal hernia repair the use of a 
drain might be indicated. 

Generally, laparoscopic hernia repair makes it possible to reoperate in the same 
layer where the hernia disease develops. Taking the human abdomen as a hollow 
ball with hydrostatic distribution of pressure, the law of Laplace is valid. By pre- 
peritoneal placement of a plane implant, compensation of highest-pressure loads 
is possible even in the immediate postoperative period [12, 43], e.g. by coughing 
or lifting (up to 3.3 N/cm^). Renunciation of sutures furthermore realizes the prin- 
ciple of tension-free hernia repair ideally, so in the end there are clear methodical 
advantages of the TAPR 

The past years in laparoscopic hernia surgery were characterized by technical 
evolution of suitable dimension and configuration of meshes and modalities of 
implant fixation. In general there are arguments for a mesh size of at least 15 x 
10 cm [19] which should be implanted according to the flat mesh technique with- 
out slit [26]. It is not clear whether fixation of the implant is necessary in every case 
[26, 42], considering the dislocation characteristics of the mesh used [13]. 

The question now to be answered is whether the TAPP technique can actually be 
employed in routine use for different indications of inguinal hernia surgery. 



Primary Hernia 

Comparisons between different conventional operation techniques and the TAPP 
method were made by multiple randomized studies. Not only because of varying 
numbers of patients and differences of follow up in these studies, there are varia- 
tions of postoperative recurrence figures from 0-13% [1]. One meta-analysis of all 
randomized and published comparative studies so far considered the mesh tech- 
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nique in principle superior to a suture repair. Furthermore, an advantage is stated 
in favor of laparoscopic mesh repair compared to the conventional mesh placement 
[6,7,20,47]. 

Looking at the results of large prospective series, clearly a lower morbidity 
rate compared to the randomized studies is shown (Fig. 1). Simultaneously, there 
is a failure rate of the TAPP in only 0.2-1. 1% (Table 1). This emphasizes that the 
TAPP can be applied in a routine setting with reproducible results. Therefore an 
excellent competitive comparison with best conventional techniques [2, 33, 39] is 
possible. 

In all, morbidity with TAPP is clearly lower compared to conventional repair 
techniques. However there is a modification of complication pattern, because of 
the fundamentally different technique of transperitoneal laparoscopy. Therefore an 
access-related morbidity can be defined, because there is a need for abdominal wall 
puncture and the operation is carried out intraperitoneally [36]. In the literature 
there is an access-related complication rate of 0-2.8%. At the author’s department 
a rate of 0.38% could be evaluated [5], most often lesions of abdominal wall ves- 
sels. 

Lesion of nerves can be described as a further complication entity, but with 
rates of 0.3% clearly lower than the rate known from conventional repair techni- 
ques. This mostly is a sensory deficit which may not be considered a complication 
reducing quality of life for patients. In contrast, postoperative pain has to be jud- 
ged completely differently. It is well known after all surgical techniques in inguinal 
hernia repair [30]. A reason for this in TAPP repair can be a direct nerval clip lesion 
or an implant related to local inflammatory reaction. The author’s experience 
showed these problems in two cases [5], whereby a local mesholysis was used 
as therapeutic tool. 

Especially due to the necessity of mesh placement, TAPP holds a risk of infec- 
tion. In the literature there are figures of 0-1.3% [4, 8, 14, 19], which are on no 
account higher than those for conventional implant-free surgery [16, 27]. Besides 




Fig.l . TAPP - number of teaching procedures per year at MH Stuttgart 
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the above-mentioned total infection rate, the special risk of a deep implant infec- 
tion (0-0.1%) is clearly lower. In this context there is no clear statement concer- 
ning the necessity of a general antibiotic prophylaxis, because there are no rando- 
mized comparisons so far. 

In principle, primary hernia repair is an ideal indication in the course of acqui- 
ring the technique. A prospective analysis showed that the TAPP is also qualified 
for training residents in this technique [21] (Fig. 1). Differences concerning post- 
operative morbidity and recurrence rates were not seen between specialists and 
surgeons in training. The standardization of the TAPP repair may be considered as 
an explanation for this fact. 



Table 1.TAPP - results from large prospective series [4, 5, 8, 17, 31, 38] 





Number of cues 
(n) 


Moibidity 

(%) 


Recurrence rate 
(%) 


Birth et ai. 1996 


1000 


7.6 


1.1. 


Quilici et al. 1996 


509 


28 


0.2 


Felix et al. 1997 


798 


n.s. 


0.4 


Krahenbiihl et al 1997 


414 


10.9 


0.9 


Schultz et al. 2001 


2500 


3.6 


1.0 


Bittner et al. 2002 


8050 


3.2 


0.7 



Bilateral Hernia 

Generally there is a 10% chance of discovering a previous unknown contralateral 
hernia [35]. Even though discussions are necessary whether to undertake simulta- 
neous repair in these cases, it is clear that laparoscopic repair shows indisputable 
advantages [34]. Exclusively with the TAPP technique is a primary diagnostic eva- 
luation possible without a previous preperitoneal exposure. Furthermore, there are 
no differences between uni- or bilateral TAPP repair concerning postoperative mor- 
bidity, recurrence rate and quality of life [15, 37]. Therefore in the case of clinically 
significant bilateral herniation the TAPP method is clearly indicated. 



Recurrent Hernia 

Even opponents of laparoscopic surgical techniques consider the recurrrent her- 
nia situation as a clear indication for a TAPP or TEP repair [39]. Looking at the 
results of conventional surgical efforts in this situation, re-recurrence rates of 5-8% 
are shown [3, 39, 40] even in specialized centers. The respective rate of the plug-and- 
patch technique, about which there is plenty of discussion at the moment, shows 
re-recurrence rates of 4-5% [33]. 

On the other hand, failure after recurrent hernia repair by the TAPP technique 
occurs in only 0.5-2.4%. This is clear because 14% of patients with multiple defects 
[18] are expected in the situation of recurrent hernias, which might not be detec- 
ted by the conventional technique and are therefore not properly covered. The 
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transperitoneal TAPP technique, in contrast, defines these defects clearly just by 
initial laparoscopy, and can accordingly fulfill precise reconstruction. 

However, there is a difference between a recurrent situation after conventional 
anterior repair with or without implant and the recurrent hernia situation after 
preperitoneal mesh implantation. This observation can be made after conventio- 
nal [45] as well as after laparoscopic operation [9, 22]. The range of laparoscopic 
therapeutic options in this case is just transperitoneal technique. The difficulty is 
preparing within a generally heavily scarred preperitoneal space, because of the 
preexisting implant. This problem can be solved with low failure rates, having 
appropriate experience, but higher morbidity has to be put up with. An essential 
advantage of the laparoscopic procedure concerning these surgical indications lies 
within the possibility of a primary judgement of the recurrent hernia cause and 
the hernia location. Conventional procedures might also be taken into considera- 
tion as surgical alternative in such cases, specially in combination with diagnostic 
laparoscopy. 



Scrotal Hernia 

Scrotal herniation is a further special hernia situation because it represents con- 
siderable efforts of preparation and requires special reconstruction efficiency. The- 
rapeutic efforts are therefore characterized by comparatively high failure rates [32] 
and especially by considerable testicular morbidity [46] in conventional surgery. 
By the TAPP technique the problem of dissection can be solved with low morbi- 
dity, on the other hand [23]. Experiences in the author’s collective of patients sho- 
wed no increased testicular complication rates if using TAPP technique properly. 
Complete intraperitoneal hernia sac reduction is possible by the precise and non- 
traumatic technique of dissection in videoendoscopic surgery. There are not many 
facts published concerning scrotal hernia therapy by laparoscopic techniques. A 
study of Ferzli [10] about TEP technique showed a significant prolongation of ope- 
ration time like our own experiences using TAPP. This emphazises the fact that this 
hernia problem recquires a higher technical and surgical skill. This is as true for 
laparoscopic as for conventional therapeutic alternatives. 

In summary, following the above mentioned technical standards, also a low 
recurrence rate can be realized. To achieve these results, dimension of hernia 
defects has to be evaluated precisely to guarantee sufficient mesh covering. In 
selected cases a mesh size exceeding 15x10 cm may be necessary. Because of the 
accordingly extensive dissection and resulting larger wound surface, insertion of 
a preperitoneal wound drain might be helpful, even if this fact is not evidence- 
based so far. 



Incarcerated Inguinal Hernia 

In the case of hernia incarceration, two surgical and technical therapeutic strate- 
gies have to be combined. It is necessary to repair the hernia effectively and at the 
same time reduction, inspection for vitality and, if necessary, resection have to be 
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taken into account. Therefore a combination of inguinal hernioplasty and laparo- 
tomy is recommended for conventional therapeutic options in corresponding cases. 

There are some advantages for the TAPP concerning inguinal hernia incarce- 
ration by improving therapeutic possibilities in this situation. By transperitoneal 
laparoscopy, precise assessment about kind and pattern of defect of the incarce- 
rated hernia is possible without problems. In our own study organ resection was 
necessary in rare cases [24] because of reperfusion of the incarcerated hernia star- 
ting after reduction. Following the strategy of »laparoscopy-reduction-reconstruc- 
tion-inspection« there was an indication of resection in just 5% of cases. 

Reduction of incarcerated hernia arises either immediately after laparoscopy or 
when mobilizing the sac preperitoneally. If this procedure is not successful, reduc- 
tion can be achieved by extending the incision of the hernial ring after preperito- 
neal exposure. Despite the situation of incarceration we could not found a higher 
risk of deep mesh infection in our own study [24]. These data are in accordance 
with an investigation by Pans et al. [28] for conventional preperitoneal mesh repair 
in incarcerated hernias. 



Conclusion 

Transperitoneal laparoscopic mesh implantation (TAPP) can be used for all indi- 
cations of inguinal hernia surgery in a standardized way. However there are vary- 
ing levels of difficulty (Fig. 2) requiring corresponding experience of the surgeon 
to achieve optimum therapeutic results. 



indication technical difficulties 

increasing increasing 




primary hernia 
recurrent hernia 
scrotal hernia 
incarcerated hernia 

recurrent hernia after preperitoneal mesh 




Fig. 2. Indications for TAPP 
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Discussion 

LeBlanc: This is just a demonstration of the results of laparoscopic versus open 
techniques. There are at least 30-40 papers in literature that have compared 
these two techniques, though only few compare TAPP and TER However, they all 
come to the same results. The laparoscopic techniques are superior in many res- 
pects to the open techniques, providing that it is done by surgeons experienced 
in laparoscopy and anatomy. So it’s all going to add to the costs of the operation. 
These minimal operations such as those of Ugahary and Kugel contributed 
further to reducing the costs. I think the laparoscopical techniques didn’t 
spread widely because they are so demanding technically; however, it is a good 
operation. 

Montgomery: In randomized studies comparing the hospital costs, these are hig- 
her for the laparoscopic techniques, but if you look at the costs for the whole com- 
munity they are lower as Finnish studies could show. 

Leibl: The hospital costs indeed are little higher, but you can reduce it by taking 
reusable trocars. 

Jeekel: If you compare the laparoscopic versus open surgery, shouldn’t you com- 
pare laparoscopic versus open mesh surgery, because open mesh is better than 
open? 

Montgomery: I just showed the results of the Smil-1 trial, and in the literature there 
the laparoscopic techniques were better than the open non-mesh. 

Jeekel: But you mentioned a 55% recurrence rate for the Lichtenstein operation. 

Montgomery: Yes, but they did it in a very improper way. 

Schumpelick: Why do we have both techniques, TAPP and TEP Is it historical or is 
there a different indication? Do we really need that? 

Leibl: That would be a good idea. 

Flament: It is a war of religion between TAPP and TEP But if TAPP and TEP are 
so good, why are only 3% of patients operated in Scotland and Denmark with this 
technique? 
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Montgomery: I use both techniques because there is a limitation for the TEP in 
some patients. With the TAPP you can do even monstrous hernia or sliding hernia, 
so I would prefer a mixture of both techniques if you have the knowledge. The main 
thing, in laparoscopy you have to minimize the complications, and these risks have to 
be minimized in total when the whole community becomes aware of the problem. 

Leibl: The low rate of 3% is true for Scandinavia and Scotland, but not for Ger- 
many. There are about 30% doing endoscopic surgery in Germany. The number 
has been quite stable over years. For TAPP there are no such limitations as you 
have mentioned for the TEP. In particular, in incarcerated hernias you should use 
the transperitoneal technique, it cannot be done adequately by the extraperitoneal 
technique. 

Bendavid: We tend to forget a very important fact. In the long history of the Shoul- 
dice clinic we had about 30 deaths, and none of these was associated with sur- 
gery. But there already are reports of about 60 deaths connected to laparoscopic 
surgery. Any death due to hernia surgery is inexcusable. 

O'Dwyer: Dr. Leibl, you clearly showed that there are complications with TAPP. I 
would be very unhappy with 4% of bladder injury after previous preperitoneal 
surgery. None of us would expect this for anterior mesh techniques under local 
anesthesia. We need to be sensible about this. We often forget that the general sur- 
geons do only one hernia a week. If you have a technique with a learning curve of 
50 to 100 operations, it is a technique for specialized operations, even though it is 
a very good operation, indeed. 

Leibl: I agree totally. This indication of preperitoneal previous surgery is a very 
special problem in hernia surgery. For this indication we see very big hernias after 
transperitoneal prostatic surgery. Therefore we think flat mesh is a good idea to 
repair this. We have to keep very carefully in mind not to damage the urinary blad- 
der. This is not an indication for the common surgeon in the community hospital. 

Kehlet: I want to answer the question why we are doing only 5% laparoscopic her- 
nia repairs. It is quite simple. For the whole country there is no difference between 
open and laparoscopic mesh repair. We don’t believe in randomized studies regar- 
ding reconvalescence. Because in these studies it is about 2 weeks, but, giving very 
short recommendations, we have been coming down to 7 days, and only very little 
shorter in the laparoscopic group. By the way, we are doing a randomized trial in 
recurrent hernia comparing Lichtenstein and laparoscopic techniques. 

Deysine: We can do hernia repair even by way of the mediastinum, but for a simple 
inguinal hernia the anterior approach with mesh takes even me about 20 min. I 
believe, though, that others might be as good in the hands of experts - the open 
procedure is fast and superior. 

Nyhus: One thing that usually is not mentioned is, why do you fix the mesh? I am 
involved in a law suit, where a lady had a hernia repair and then she started to 
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have pain, pain and pain. Finally at the Mayo clinic they looked posteriorily and 
found 25 tacks and removed them all, so she got rid of the pain. You should talk 
more about mesh fixation because many surgeons don’t know. Some of them go 
through the wall and hit the nerves, that is bad. 

Simmermacher: Thanks for this comment and it again stresses the fact that we 
have to improve the teaching of our residents. 
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Introduction 

Incisional hernia is the most common complication of laparotomy with an inci- 
dence of 2-20% [1-6]. In 2001, approximately 150000 abdominal procedures 
(laparotomy and laparoscopy) were carried out in The Netherlands (16 million 
inhabitants). Considering hernia rates from the literature, the number of 12 500 
new incisional hernias should be expected annually. These numbers have a highly 
negative impact on the cost-effectiveness of surgery, and result in an unacceptably 
high frequency of co-morbidity. In addition, they have a significant impact on hos- 
pital capacity. To investigate to what extent the occurrence of incisional hernias is 
avoidable, we studied risk factors for incisional hernia and how the negative influ- 
ence of these risk factors may be reduced or eliminated. 



Risk Factors for Incisional Hernia 

Incisional hernia incidence is influenced by several factors. Firstly, type of incision, 
method of closure, materials used and hernia repair procedure play an important 
role. In addition, many patient- and disease-related risk factors have been identi- 
fied, of which wound infection is probably the most important. In this study, only 
the influence of technical factors was considered, as it may be reduced by applica- 
tion of alternative techniques. 



Influence of Type of Incision 

In 2001 Grantcharov and Rosenberg conducted a meta-analysis comparing trans- 
verse (oblique and transverse) with vertical (midline) incisions [7j. Their conclusi- 
ons were in favor of the transverse incision. However, for unknown reasons, many 
studies were not included in the analysis. When all trials comparing midline, para- 
median, transverse and oblique incisions are reviewed, the difficulty of compari- 
son becomes clear. In many cases only specific operations, such as cholecystec- 
tomy, are studied. Results from such studies are often wrongly projected to the 
entire range of operations. 

Therefore, the conclusion that small transverse incisions cause less incisional 
hernias than midline incisions is justified (5%) [8-12]. This, however, does not 
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apply to large bilateral incisions [13-16]. In this case, hernia rates comparable to 
that of the midline incision (10%) can be expected. 

The lateral paramedian resulted in significantly reduced hernia rates compared 
to the midline incision in three randomized-controlled trials. Hernia rates of 0-1% 
were reported The Pfannenstiel incision results in hernia rates of 0-1% 
[21-24], but was not compared to standard incisions in randomized controlled tri- 
als. The flank incision, commonly used by urologists, has not been compared with 
other techniques in randomized controlled trials either. Hernia rates of 0.4-17% 
are reported [25-32]. 

To close, the increased use of laparoscopy is a development, which could signi- 
ficantly reduce incisional hernia rates. Most authors presume an incisional hernia 
rate of 0.2- 1.8% [33]. 

We conclude that the lateral paramedian incision, the unilateral transverse inci- 
sion, the Pfannenstiel incision and laparoscopic surgery result in reduced incisio- 
nal hernia rates compared to midline, bilateral and flank incisions. If possible, 
these techniques should be applied to avoid incisional hernia, the most frequent 
complication of abdominal surgery. Transverse and oblique incisions are suitable 
for small unilateral operations, such as open cholecystectomy, bariatric surgery [34] 
and small bowel resections [35, 36]. The lateral paramedian incision can be used 
for most major elective surgery, including exploratory operations [17-20]. The 
Pfannenstiel incision can be used for surgery of the lower colon and rectum [37] 
and pelvic surgery. Laparoscopy has taken possession of several specific elective 
operations, such as cholecystectomy, splenectomy, endocrine surgery and fundo- 
plication. Hernia rates following these laparoscopic procedures are low. 

The midline incision should be reserved for emergency laparotomies and for 
elective and exploratory surgery in which full exposure of the abdomen is needed 
(Table 1) [38]. 



Table 1. Techniques, area of application and estimated incisional hernia incidence 



TbchniqoetABdtions 


AppIicatioQ 


Hernia rates (%) 


Laparoscopy 


Cholecystectomy, splenectomy, appendectomy, 
fundoplication, endocrine 


1 


Lateral paramedian 


Major elective surgery 


1 


Pfannenstiel 


Lower colon and rectum surgery, pelvic surgery 


I 


Unilateral transverse/ 
oblique 


Small biliary surgery, bariatric surgery, small 
gastrointestinal surgery 


5 


Flank 


Kidney 


8 


Bilateral transverse/ 
oblique 


Biliary tract, liver, pancreatic, gastrointestinal 


>10 


Midline 


All minor and major laparotomies 


>12 
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Influence of Suture Technique and Material 

Recently, three meta-analyses on the subject of abdominal closure were published 
[1, 39, 40], of which the second, published in 2000 by Hodgson et al. [1], is undoub- 
tedly the most thorough. Her conclusions were clear-cut: 

• Hernia rates are lower when non-absorbable materials are used. 

• Hernia rates are lower when a continuous technique is used. 

• There is no difference in hernia rates after use of polydioxanone (PDS) or poly- 
propylene. 

In addition, Weiland et al compared layered with mass closure of the abdominal 
wall, concluding in favor of the latter [40]. 

In conclusion, we state that closure of the abdominal wall should be performed 
by mass closure, a continuous suture technique and by using a non-absorbable 
(e.g. polypropylene) or slow-absorbable (polydioxanone) suture material. 



Influence of Suture Length - Wound Length Ratio 

The suture length - wound length ratio can be calculated by dividing the length of 
the used suture thread by the length of the wound. What this number indicates is 
a rough measure of tissue bite size and the interval between stitches. We are aware 
of only two comparative clinical studies on SLWL ratio. The most important is by 
Israelsson et al. [41]. In a prospective study, hernia rates decreased from 23.7% 
when the SLWL was <4 to a hernia rate of 9% when it was >4. These results apply 
to midline incisions. Kendall et al proved that the inherent strength of the lateral 
paramedian incision was independent of SLWL ratio [19]. 



Influence of Hernia Repair 

In hernia repair, there are four choices to be made: 

• Suture or mesh repair. 

• Type of mesh. 

• Mesh position. 

• Open or laparoscopic procedure. 

Considering suture and mesh repair of incisional hernias, two randomized con- 
trolled trials exist. Luijendijk et al reported a significant reduction in hernia recur- 
rence rates after mesh repair, irrespective of the size of the hernia [42]. Similar 
findings were reported by a Arroyo et al, who compared suture and mesh repair 
for umbilical hernia [43]. A randomized-controlled trial by Korenkov et al could 
not confirm these findings. However, suture repair was performed only when her- 
nias were primary and small and meshes were placed in an onlay position [44]. 

Regarding type of mesh, non-absorbable meshes or meshes with a non-absorb- 
able component are mandatory. Absorbable meshes do not prevent hernia occur- 
rence or recurrence [45, 46]. 
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Hernia recurrence rates are lower when meshes are placed in a sublay position 
(on the posterior rectus sheath in an open procedure and intraperitoneally in a 
laparoscopic procedure), rather than in an onlay or inlay position [6]. 

One randomized controlled trial comparing open with laparoscopic repair 
exists, not reporting significant differences between the two [47]. A larger rando- 
mized controlled trial comparing open with laparoscopic incisional hernia is 
underway in the Erasmus Medical Center and affiliated hospitals. Presently, 
70 patients are included. 

In conclusion, non-absorbable meshes should be placed in a sublay position, 
by either an open or a laparoscopic procedure. Recurrence rates of approximately 
13% (1-24%) can be achieved [6,42-44,47,48]. 



Discussion 

The influence of surgical technique has a high impact on incisional hernia rates. 
The goal of this study was to evaluate benefits of altering standard procedures. 
Recent meta-analyses show that laparotomies should be closed using a non- or 
slow- absorbable suture and a continuous mass technique. At present, continuous 
mass closure with a polydioxanone loop is the customary abdominal closure tech- 
nique in The Netherlands. 

Optimization of the SLWL ratio may significantly reduce hernia rates, especi- 
ally when a midline incision is used [19, 41]. The midline incision may never be- 
come obsolete, because of its ease, speed and exposure. Therefore, achieving a 
SLWL ratio of > 4 is essential when use of the midline incision is unavoidable. It 
is, however, impossible to calculate gains of improving the SLWL ratio, due to lack 
of data. However, our impression is that midline incisions are usually closed with 
an SLWL ratio of 3-3.5. Therefore, general understanding of the importance of the 
SLWL ratio could lower incisional hernia rates significantly. 

Regarding incisional hernia repair, improvements can be made. Although it was 
proven in a randomized-controlled trial that mesh repair of incisional hernias 
significantly reduces recurrence [42], at least 32% of hernia repairs are still per- 
formed by suture repair. Application of mesh repair for all incisional hernias could 
reduce hernia recurrence by 25%. 

A significant decline of incisional hernia incidence can be achieved by the use 
of alternative incisions. The midline incision has an estimated hernia rate of 12%. 
However, hernia rates after midline incision can occasionally be higher, for exam- 
ple if an SLWL ratio of <4 is used (24% [41]), when it is performed for abdominal 
aneurysm surgery (20% [13, 14,49-52]) or in emergency situations (18% [53]). 

The transverse incision has an inherent hernia rate of approximately 5% when 
it is unilateral [8-12] and of 10% when it is bilateral [13-16]. Therefore, applica- 
tion of small transverse incisions when possible, instead of using a midline inci- 
sion, might induce a significant reduction in hernia incidence. 

The infra-umbilical transverse Pfannenstiel incision has a hernia rate of appro- 
ximately 1% and is especially suitable for surgery in the lower abdomen. It has 
been successfully used for colorectal surgery [37] and has long been the main inci- 
sion in gynaecological and obstetrical procedures. An alternative incision that also 
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provides good access to the upper abdomen is the lateral paramedian incision. 
When performed correctly [17, 54], incisional hernia rates are as low as 0-1%. 
Application of the lateral paramedian and Pfannenstiel incision for vascular sur- 
gery, colorectal surgery and elective exploratory procedures could bring about an 
enormous decrease of incisional hernias. 

Laparoscopy results in incisional hernia rates of approximately 1%. In areas 
where laparoscopic surgery has been generally accepted as equal or superior to 
open techniques, many laparotomies are still performed, resulting in unnecessary 
incisional hernias. Further application of laparoscopic surgery can induce a reduc- 
tion in incisional hernia rates, which may be well worth the effort. 



Conclusion 

Optimization of surgical techniques offers promising perspectives. A significant 
reduction of incisional hernia occurrence is anticipated. 
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Introduction 

Incisional hernias develop in 2 to 13% of laparotomy incisions, necessitating appro- 
ximately 90000 ventral hernia repairs per year [1-3]. Although a common general 
surgical problem, a »best« method for repair has yet to be identified as evidenced 
by documented recurrence rates of 25 to 52% with primary repair [1, 4, 5]. The 
advent of prosthetic materials for mesh repair has decreased this recurrence rate 
to a still significant 12.5-19% [6-8]. Unfortunately, the standard operation for open 
ventral hernia repair generally requires a midline incision with significant soft tis- 
sue dissection in tissues that are already of poor quality, raising of flaps, and drain 
placement. Consequently, there is an increased opportunity for postoperative com- 
plications at the surgical wound and at the level of the prosthesis, including expo- 
sure and infection of the mesh, fistula formation, and other problems. 

Over the past decade, laparoscopic repair of ventral and incisional hernias has 
steadily gained recognition as an alternative to open procedures. Reports of the use 
of polytetrafluoroethylene (PTFE), Marlex, and other polypropylene mesh prosthe- 
tic materials have shown this to be a viable option for surgical therapy, using lapa- 
roscopy as the means to dissect the hernia sac, remove the bowel and omental tis- 
sue, and then apply a prosthesis, usually with a stapling technique with or without 
addition of fascial attachments [9-13]. 

The aim of this study was to evaluate the efficacy and safety of laparoscopic 
ventral and incisional herniorrhaphy. We report our experience at the Texas Endo- 
surgery Institute in 382 patients over an 11 -year period. 



Materials and Methods 

From February 1991 through November 2002, a total of 382 patients were treated 
by laparoscopic technique for primary and recurrent umbilical hernias, ventral 
incisional hernias, and Spigelian hernias. For purposes of this discussion, the 
recurrent umbilical hernias were grouped with the ventral incisional hernias. The 
distribution of patients in this study is outlined in Table 1. During the above time 
frame, 96% of the hernia repairs were accomplished laparoscopically. The reasons 
for conversion were dense adhesions or bowel distention prohibiting proper visua- 
lization and mobilization. All patients underwent routine preoperative laboratory 
studies - complete blood count, blood chemistries, chest radiography, and electro- 
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Table 1. Demographics, February 1991 


- November 2002 (n = 382) 


Male: 


172 


Female: 


212 


Average Age: 


58.2 years 


Range: 


27-100 years 



cardiogram (when >40 years of age). Preparation for surgery included bowel cat- 
harsis and even a formal bowel preparation with laxatives and oral antibiotics if 
colon involvement in the hernia was suspected and if the clinical situation of the 
patient allowed. Follow-up data including postoperative complications and hernia 
recurrence was performed at 1 week, 1 month, 3 months, and 6 months postopera- 
tively with yearly appointments thereafter. 

Technique 

The technique demands general anesthesia as well as placement of a nasogastric 
tube and a Foley catheter. The patient must be firmly attached to the table to allow 
for alterations in position to Trendelenburg, reverse Trendelenburg, or extreme side- 
to-side »airplaning« to allow adhesions to be dissected. We prefer to secure the pati- 
ent to the table with tape at the shoulder level. Sequential compression devices are 
applied to the legs and the video monitors are positioned at the foot of the table or at 
a place convenient for viewing by all involved. Insufflation, usually from a nonmid- 
line location, is begun with a Veress needle or, very rarely with the Hasson technique. 
The initial ports are most commonly placed lateral to the rectus muscles. The adhesi- 
ons opposite the initial ports are carefully taken down, and additional ports are pla- 
ced as adhesions are cleared. Each of these additional trocars should be considered 
as a port through which a stapler (or laparoscope) can be placed. Therefore, 
10-12 mm trocars are desirable at all ports, although 5 mm ports may be used with 
corkscrew fixation devices (Fig. 1). Bleeding must be meticulously controlled and 
bowel injury avoided as the anterior abdominal wall is being cleared. We practice 
closure of large defects with nonabsorbable suture, even if only a limited closure is 
possible. In our practice this is usually accomplished percutaneously, using the Car- 
ter - Thomason (Inlet Medical, Inc., Eden Prairie, MN, USA) suture passer with pla- 
cement of #2 Tycron (Ethicon, Somerville, NJ, USA) as individual sutures. 

Taking into consideration the thickness of the abdominal wall, polypropylene 
mesh is tailored to approximately 10% smaller than the area judged adequate for 
coverage of the defect, as estimated by laying the mesh out on the abdominal wall. 
As many defects as possible should be covered with each piece of mesh while, at 
the same time, maintaining minimum margins of 3-5 cm circumferentially aro- 
und each defect. Although one piece of mesh is ideal, it may not be possible in all 
instances, especially those abdomens where extensive or multiple, widely spaced 
defects are present. The mesh must be placed over the defect and held in place with 
staples and, in most circumstances, transfascial sutures. Until recently, the presence 
of frank pus or necrotic bowel was considered a contraindication to mesh place- 
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5/12 mm port 
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Fig.l . Trocar positioning for a midline hernia repair 



ment. With the advent of Surgisis mesh, a derivative of porcine small intestinal 
submucosa, grossly or potentially contaminated hernias can be repaired with the 
clinically significant strength of a non-absorbable mesh and the decreased infec- 
tious complications of an absorbable prosthetic [14], All trocar ports greater than 
5 mm should be carefully and completely closed and the abdomen desufflated after 
covering the repaired area with omentum. In this fashion, the omentum is tacked 
(stapled) in place to serve as a barrier to separate the mesh from the bowel. Ope- 
ration times vary with severity of adhesions, number of defects, bowel involvement 
and need for concurrent procedures. 

The postoperative course is relatively benign with the nasogastric tube and 
Foley catheter being removed in the recovery room in most instances. Hemoglo- 
bin, hematocrit, and electrolyte levels are checked the next day. We expect to see 
subcutaneous fluid in many hernia sites in the immediate postoperative period 
and explain this possibility to the patients prior to surgery. The patient is given a 
diet when bowel sounds are present, which can vary from immediately to several 
days postoperatively, depending on the amount of dissection, handling of bowel, 
and small bowel bleeding. Patients are allowed to go home when they are afe- 
brile, their wounds are clean, a regular diet is tolerated, and only minimal pain is 
present. 

Results 

Of the 382 patients in our study group, there were 212 females and 172 males with 
a mean age of 58.3 years (range 27-100 years). The distribution of ventral hernias 
included 240 incisional hernias, 138 primary umbilical hernias, and 4 Spigelian 
hernias (Table 2). A total of 114 operations were performed for recurrent hernias 
that had previously been treated with a conventional open technique. Ninety-six 
percent of the hernia repairs were completed laparoscopically. The 1 1 conversions 
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to an open procedure were primarily as a result of dense adhesions or profound 
bowel distention preventing adequate visualization and mobilization. 

Polypropylene mesh was the most frequent prosthetic, used in 285 patients 
(75%). Forty-seven patients had a suture repair only, while 42 patients had Surgi- 
sis mesh, 4 had Gore-Tex, and 4 patients had a composite mesh repair. Mean ope- 
rating time was 68 minutes (range 14-405 min), and estimated average blood loss 
was 25 ml (range 10 to 200 ml). The mean postoperative hospital stay was 2.9 days 
and ranged from same-day discharge to 36 days. 

There was an overall postoperative complication rate of 10.1%. Fourteen patients 
(3.6%) had early (<30 days) postoperative complications that included trocar site 



infection, prolonged ileus, urinary tract infection, pseudo-obstruction, and pul- 
monary problems (Table 3). Late (>30 days) post-operative complications occur- 

Table 2. Types of Hernias 


Hernia type 


Number 


Ventralyincisional 


240 


Umbilical 


138 


Spigelian 


4 


Table 3. Complications 


Mortality: 


0 


Morbidity: 


10T% 


Recurrence: 


2.9% 


Early complications {<30 days}: 


14 (3.6%) 


Trocar site infection 


3 


Urinary tract in lection 


2 


Pulmonary 


3 


Prolonged ileus {> 7 days) 


5 


Pse udo-obstr u c t ion 


1 


Late complications {>30 days): 


25 (6.5%) 


Mesh infection 


1 


Seroma {>6 weeks) 


12 


Recurrent pain 


6 


Neuralgia at suture site 


6 


Recurrence: 


1 1 (2.9%) 


Umbilical 


2 


Vontral/incisional 


9 


Spigelian 


0 
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red in 25 patients (6.5%) and included seromas lasting longer than 6 weeks, recur- 
rent pain, neuralgia, and mesh infection (Table 3). Mesh infection occurred in only 
one patient, requiring its removal at 14 months postoperative. In approximately 
15-20% of patients, small, sterile fluid collections developed over the site of mesh 
placement. These seromas were self-limited for the most part, and nearly all had 
disappeared by 6 weeks postoperative. Significant seromas were noted in only 
12 patients but the temptation to aspirate was overcome and the fluid collections 
finally resolved on their own. There were no deaths in our series. 

Two patients had small bowel enterotomies at the time of surgery. In both cases 
there was minimal abdominal contamination and the holes in the small bowel were 
closed laparoscopically. The hernia repairs were completed laparoscopically with 
no residual infectious complications. 

There have been 11 recurrences (2.9%) during a mean follow-up time of 47.1 
months (range 1-141 months). Recurrences were found to be most frequent [8] 
in ventral hernias in which trans-fascial sutures were not used in addition to sta- 
ples to secure the mesh to the anterior abdominal wall. Two recurrences were from 
primary umbilical hernia repairs not repaired with mesh and one was a result of a 
mesh infection from a standard laparoscopic ventral hernia repair discovered at 
14 months postoperatively. 



Discussion 

An incisional hernia develops in 2%-3% of patients undergoing laparotomy [1-3]. 
As of now, no »best« method of hernia repair has been developed as evidenced 
by the multitude of procedures described in various textbooks and the signifi- 
cant failure rates associated with these methods. Currently, the Rives - Stoppa 
[5, 15] approach appears to be the most promising open technique, with compa- 
ratively low recurrence rates. There are, however, several drawbacks to this method 
including extensive soft tissue dissection, raising of flaps, and drain placement. 
This technique, performed in tissue that is already of poor quality, has led to a 
complication rate of up to 20% involving the wound, exposure and infection of 
the mesh, fistula formation, and other problems [16-19]. 

The laparoscopic approach to ventral and incisional hernia repair seeks to apply 
the sound principles associated with the Rives - Stoppa but with modifications 
in the technique for mesh placement. Using the laparoscopic approach, a large 
prosthetic mesh can still be placed on the anterior abdominal wall (internal rat- 
her than external to the posterior fascia or peritoneum), overlapping the defect 
by several centimeters in all directions. However, by this technique, there is no 
need for the extensive soft-tissue dissection seen in the open approach and its 
attendant complications. Furthermore, the patient can expect to incur all the other 
benefits of a minimally invasive procedure such as decreased hospital stay, lower 
wound complication rates, and decreased pain [9, 12, 20, 21]. 

In our series, the mean hospital stay was 2.9 days with an overall complication 
rate of 10.2% and recurrence rate of 2.9%, which is consistent with previous stu- 
dies [13, 21]. Because 66 to 90% of ventral hernia recurrences develop within 1-2 
years after operation [1, 4, 22], and our mean follow-up period is 47.1 months, we 
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do not anticipate our recurrence rate to change significantly. Eight of the 1 1 recur- 
rences (73%) developed in patients in whom transfacial sutures had not been used 
in addition to the laparoscopic staples. If these patients are removed from the data- 
base, the recurrence rate falls to less than 1% for those patients whose ventral her- 
nia repair was performed with transfacial fixation of mesh. For this reason, we 
place special emphasis on transfascial mesh fixation as the best means to avoid 
prosthetic migration. 

While ePTFE is the most popular mesh in other series of laparoscopic ventral 
hernia repair [9, 11-13, 20, 21], polypropylene mesh was used in 75% of our ven- 
tral hernia repairs. Despite research that indicates that polypropylene mesh is 
more apt to produce a strong inflammatory reaction that may lead to extensive 
adhesions, erosion into adjacent organs, and/or fistulization [23-26], our exten- 
sive experience with polypropylene mesh for IPOM (intra-peritoneal on lay of 
mesh) repairs of inguinal hernias allows us to feel comfortable placing this mesh 
intraabdominally. To date, there have been no instances of fistula formation, adhe- 
sion problems, or mesh migration into bowel or adjacent viscera. Additionally, 
polypropylene mesh is less costly and much easier to manipulate laparoscopi- 
cally than ePTFE. 

While the use of mesh for hernia repair has gained widespread acceptance, its 
use in grossly or potentially contaminated surgical fields remains controversial. A 
new biosynthetic mesh derived from porcine small intestinal mucosa has been 
developed which appears to be a promising new prosthetic for hernia repair, 
particularly in infected settings [14]. We used Surgisis mesh in 42 ventral hernia 
repairs in which there was gross contamination of the field (secondary to incar- 
cerated/strangulated bowel or hollow viscous perforation) or potential contami- 
nation such as would occur at the time of concomitant laparoscopic colectomy or 
cholecystectomy with gallbladder violation. We have had no mesh infections or 
recurrences with this new prosthetic with a mean follow up of 22 months. While 
further long-term evaluation is required, Surgisis mesh is an encouraging new bio- 
synthetic with potential applications for contaminated hernia repair. 

Laparoscopic ventral and incisional hernia repair is a safe, feasible, and effec- 
tive alternative to open techniques. Based on the Rives - Stoppa technique, poster- 
ior patching of the defect with a large piece of prosthetic mesh allows extensive 
tissue ingrowth for permanent mesh fixation and utilization of intraabdominal 
pressure to actually hold the mesh in place. More long-term follow-up is still requi- 
red to further evaluate the true effectiveness of this operation. 
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Introduction 

Mesh repair for abdominal wall hernias has become a popular method during the 
past 15 years. To date the average percentage of open or laparoscopic inguinal mesh 
repair is about 40 to 65% in Germany. In England, Scotland and the USA the fre- 
quency of mesh repair is even higher, with percentages between 70 and 85%. The 
results of mesh repair were good or even excellent in most of the prospective stu- 
dies [3, 5]. Adverse effects of mesh implantation in the long term seem to be sel- 
dom. Nevertheless, several case reports have been published about severe compli- 
cations following mesh repair. There were papers reporting mesh migration into 
the bladder and colon, formation of enterocutaneous fistula, spermatic granuloma, 
chronic infection, chronic groin pain or the phenomenon of a stiff abdomen [4, 8, 
10, 11, 12]. In some selected cases the ultimate treatment for the relief of symptoms 
was mesh removal [9]. Many hernia surgeons are sometimes forced to do this ulti- 
mate procedure but the indication and operative technique depends rather on 
the surgeon’s experience than on any evidence from the literature. Most reports 
present only a few cases of mesh removal. Large series or systematic reviews are 
lacking. In a literature research using the medline database seven papers repor- 
ting mesh removal were found in the period 1998-2002. Since three of them ori- 
ginated from the same research group and were dealing with the same patients 
only five studies were left for an analysis in detail. In these reports 39 cases were 
enrolled in which a mesh had to be removed. Indications were infection in 19 and 
chronic groin pain in 20 patients [1, 2, 6, 7, 12]. The data from the literature indi- 
cate that an infected ePTFE mesh has to be removed, polyester and polypropylene 
meshes normally not. In patients with a proven recurrence after mesh repair the 
explantation of the mesh material is not necessary, but in selected cases with chro- 
nic groin pain mesh removal may be successful in symptoms relieve in all types 
of meshes. 

Our experience of indication, operative technique and results of mesh removal 
after mesh repair of inguinal hernia and incisional hernia are presented in this 
chapter. 
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Patients with Complaints After Inguinal Mesh Repair 

Patients 

Between October 1998 and October 2002, 30 patients with severe complaints fol- 
lowing an inguinal hernia repair with a mesh were operated at the surgical depart- 
ment of the Park Klinik in Berlin-Weifiensee. Several attempts at conservative tre- 
atment on an outpatient basis had been done in all of the patients. Most of them 
had been treated with chronic analgesic drug intake, in some cases a psychoso- 
matic therapy had been recommended. Since the TAPP repair is the most popular 
mesh procedure in Berlin to date, most cases had a TAPP repair in history. Patients 
with mild or moderate symptoms responding to a conservative therapy are not 
included in this series. 



Table 1 . Patients’ data from the Park Klinik, Berlin- Weifiensee 



No. 


Pat. 


Age 

(years) 


Sex 


Repairs 

In) 


Last 

repair 


Postop. 

interval 


Complaints 


1 


B.G. 


59 


m 


2 


TAPPa 


52 


Recurrence 


2 


P.S. 


59 


m 


3 


TAPP 


19 


Recurrence 


3 


F.B. 


59 


m 


1 


TAPP 


25 


Recurrence 


4 


M.F. 


39 


m 


3 


TAPP 


11 


Recurrence 


5 


B.H. 


63 


m 


1 


TAPP 


48 


Recurrence 


6 


G.H. 


48 


m 


2 


TAPP 


34 


Recurrence 


7 


V.J. 


40 


m 


3 


TIPPb 


24 mon 


Pain 


8 


F.W. 


45 


m 


3 


Lichtenstein 


12 mon 


Pain 


9 


S.H. 


50 


m 


2 


TAPP 


27 


Pain 


10 


J.M. 


14 


f 


4 


Lichtenstein 


8 


Pain 


11 


S.H. 


51 


m 


3 


TAPP 


30 


Pain 


12 


S.E. 


39 


f 


1 


TAPP 


22 


Pain 


13 


G.S. 


73 


f 


1 


Mesh-plug 


12 


Pain 


14 


R.S. 


38 


f 


1 


Lichtenstein 


14 


Pain 


15 


S.R. 


69 


f 


3 


TAPP 


6 


Pain 


16 


F.H. 


68 


m 


1 


TAPP 


23 


Infection/sinus 


17 


S.H. 


61 


m 


2 


TAPP 


46 


Infection/abscess 


18 


K.J. 


36 


m 


1 


TAPP 


53 


Pain + recurr. 


19 


N.D. 


58 


m 


1 


TEPc 


43 


Pain + recurr. 


20 


H.C. 


61 


f 


2 


Lichtenstein 


41 


Pain + recurr. 


21 


K.F. 


37 


m 


3 


TAPP 


26 


Pain + recurr. 


22 


H.H. 


47 


m 


1 


TAPP 


34 


Pain + recurr. 


23 


N.E. 


71 


m 


1 


TAPP 


12 mon 


Pain + recurr. 


24 


L.P. 


65 


m 


1 


TAPP 


38 


Pain recurr. 


25 


K.D. 


57 


f 


2 


TAPP 


10 


Pain + recurr. 


26 


R.N. 


23 


f 


1 


Lichtenstein 


14 


Pain + recurr. 


27 


J.R. 


45 


m 


2 


TAPP 


26 


Pain + recurr. 


28 


J.v. 


52 


f 


1 


TAPP 


23 


Pain + recurr. 


29 


S.P. 


55 


m 


1 


TAPP 


47 


Pain -h recurr. 


30 


N.U. 


47 


m 


21 


TAPP 


6 mon 


Pain + recurr. 



®TAPP transabdominal preperitoneal mesh prosthesis; bTIPP transinguinal preperitoneal mesh prosthesis; 
cTEP total extraperitoenal mesh prosthesis. 
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All patients underwent a standardized program of examinations including a 
careful history with special attention to the characteristics of inguinal pain, clini- 
cal examination and ultrasonography. Local anesthesia of the ilioinguinal nerve 
with 10 ml of Xylocain 1% at the SPA (spina iliaca anterior superior) was perfor- 
med in all patients, except two cases with a mesh infection. Patients data, number 
of repairs in history, type of the last repair, postoperative interval until presenta- 
tion at the Park Klinik and major complaints are given in Table 1. 



Indication of Operations 

Infection 

In patients with an inguinal abscess or sinus due to an infected mesh, a revision 
of the groin through an inguinal incision was done. The wound was left open 
for secondary healing. Removal of the mesh was intended only in cases of a mesh 
»swimming« in an abscess. 

Recurrence 

In cases with a clinical recurrence and typical complaints of a recurred hernia, a 
two-layer Shouldice repair was performed and the mesh was left in the preperito- 
neal space. Since none of these cases was pretreated with a transinguinal mesh 
repair, the Shouldice procedure was easily to perform. 

Groin Pain 

Patients presenting with severe groin pain which responds to a blockade of the 
ilioinguinal nerve with local anesthesia (ilioinguinalis syndrome) underwent a 
transinguinal revision of the groin and a division of the ilioinguinal nerve laterally 
of the deep inguinal ring. A recurrent hernia was ruled out pre- and intraoperati- 
vely. The mesh was left in place. 

In cases of chronic inguinal pain not responding to local anesthesia at the SPA 
a transinguinal revision was performed. When a small clinical inapparent recur- 
rence was ruled out intraoperatively and the genital nerve could not be visualized, 
the removal of the mesh was recommended. The defect of the posterior wall was 
repaired with a two-layer Shouldice procedure. 

Groin Pain and Recurrence 

In patients with severe groin pain not related to the ilioinguinal nerve and a cli- 
nical apparent recurrence, a reoperation with removal of the mesh was done. The 
defect was closed by a Shouldice repair. 
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Operative Technique of Mesh Removal from the Groin 

The inguinal canal is opened through a transinguinal approach. In cases with a 
Lichtenstein repair the cremaster muscle has to be dissected and the spermatic 
duct and the vessels are armed with a loop. In a typical Lichtenstein repair the cre- 
master muscle is preserved, which facilitates the identification and preparation 
of the cord. The posterior wall of the cremaster muscle is taken together with the 
underlying mesh and excised from the internal oblique muscle. Mostly the caudal 
margin of the mesh cannot be dissected from the basis of the inguinal ligament 
without destroying this structure. A small strip of the mesh [about 3 mm] could 
be left in place in these cases. Later, the caudal stitches of the Shouldice repair 
can be anchored to this mesh-ligament strip. After total or nearly total excision of 
the muscle mesh component the defect of the posterior wall is closed by a two-layer 
Shouldice repair. 

In patients with a preperitoneal mesh position the deep epigastric vessels must 
be divided caudal near the femoral vessels. Then the posterior wall is opened from 
the lateral side and the incision is completed medially to the pubic bone. The 
exact position of the mesh must be explored by digital palpation and an edge of 
the mesh is armed with a sharp clamp (Fig. 1). Under light tension laterally and 
caudally the medial and cranial part of the mesh is excised from the preperito- 
neal tissue by sharp dissection. The epigastrics are ligated and divided also at 
the cranial margin of the mesh. At the internal inguinal ring the dissection of 
the testicular vessels, the spermatic duct and the femoral vessels from the mesh is 
the most challenging part of the procedure. Depending on the individual situa- 




Fig. 1. Technique of mesh removal. The mesh is armed with a sharp clamp and freed from prepe- 
ritoneal tissue 
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tion, it might be necessary to leave small strips of the mesh on these structures. 
Vascular defects occur most likely at the femoral vein. After complete or near 
total removal of the mesh the defect is closed by a two-layer Shouldice proce- 
dure. In an adverse situation it might be necessary to reinforce the posterior 
wall with a light polypropylene mesh (Vypro II) according to the Lichtenstein 
technique. 



Perioperative Care and Follow up 

Informed consent was taken from all patients regarding an increased risk of intra- 
and postoperative complications [estimated percentage of ischemic orchitis about 
5%, vascular injury about 5%, recurrent hernia about 10%]. 

A single shot antibiotic prophylaxis was used in all operations. All patients 
were mobilized within 4 to 6 h postoperatively. Suction drains were removed bet- 
ween the second and fifth postoperative day. Patients were discharged due to their 
own wish between day 3 and 10. Physical activity was restricted for 2 weeks after 
discharge from hospital. 

The removed meshes (Fig. 2) were examined histologically at the Deutsches 
Referenzzentrum fiir Biomaterial- und Implantatpathologie e.V. Criteria were the 
type and amount of inflammatory cells at the mesh surface, percentage of Ki67 
and tunnel-positive cells, collagen III/I ratio, histological signs of bacterial infec- 
tion or nerve entrapment. 




Fig. 2. Removed polypropylene 
mesh with shrinkage. The 
original size was 15 x 10 cm 
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In October 2002 all patients were examined clinically and by ultrasonography. 
The follow-up interval ranged from 12 to 50 months. Due to the small number of 
patients with different complaints, no statistical analyses were done. 

Results 

Overall, the mesh was removed in 20 of the 30 cases. In the group of seven patients 
with meshes left in place were the six cases with a clinical apparent recurrence and 
corresponding complaints of a recurrent hernia (patients no. 1-6 in Table 1). The 
cause of the recurrence was a folded and cranially dislocated mesh in all cases. 
The repair was done by an uneventful Shouldice procedure. At follow-up all these 
patients were symptom-free without a recurrence. The folded mesh was visible in 
ultrasonography. 

In nine patients groin pain was the major complaint. Those who responded 
to a blockade of the ilioinguinal nerve underwent a neurectomy only (no. 7-10 
in Table 1). Pain persisted or recurred in three cases. Removal of the mesh was 
performed in patient no. 9 three months after the neurectomy. At follow up 28 
months postoperatively he had no complaints and no recurrence. 

Another five cases of the groin pain group did not respond to the local anesthe- 
sia of the ilioinguinal nerve. All these had their meshes removed and got a Shoul- 
dice repair. A partial bladder resection was necessary in one case where the mesh 
was migrated into the bladder (no. 12 in Table 1). Follow-up examination after 28 
to 36 months revealed excellent results in all five patients. 

Two patients presented with a late manifestation of a deep infection (nos. 16 
and 17 in Table 1). The symptom-free interval was 23 and 46 months after the mesh 
implantation. In both cases the mesh was found to be »swimming« in an abscess. 
The mesh could be easily removed and the hernia was repaired by a Shouldice pro- 
cedure 6 and 9 months later. No signs of a persistent infection were found at fol- 
low up. 

Thirteen patients presented with a clinical apparent recurrence and severe ingui- 
nal pain not responding to a nerve blockade. All these had their meshes totally or 
nearly total removed. Small strips of mesh material were left on the spermatic duct 
in three cases. Suturing of a large defect of the femoral vein was necessary in one 
case. In all but one patient the reconstruction of the posterior wall was possible 
with a two-layer Shouldice procedure. In a 57-year-old female the excision of the 
mesh - fascia - muscle specimen left a brought defect which had to be closed with 
a Vypro II mesh in a preperitoneal position (no. 25 in Table 1). Two early postope- 



Table 2. Results of mesh removal after inguinal mesh repair. Data of 20 patients, follow up 12 to 



50 months. 


Recurrent hernia 


0 


No complaints at all 


14 


Mild/moderate pain during physical activity 


5 


Dissatisfied (testicular atrophy) 


1 
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rative complications were seroma formation and an ischemic orchitis with a conse- 
cutive testicular atrophy. At follow up after 12 to 50 months no recurrence was 
found. Seven patients were totally satisfied with no symptoms at all. Mild inguinal 
pain during physical exercise was reported by five patients. The 58-year-old male 
with the testicular atrophy had no inguinal pain but was not satisfied with the result 
(Table 2). 



Explanted Meshes 

Macroscopically all explanted meshes showed a shrinkage of 50 to 70% of the sur- 
face, additional kinking and folding. During histologic examination the mesh mate- 
rial was found to be a heavy [> 90 g/m^] polypropylene mesh in 19 cases and a 
polyester mesh in one. 

A persistent chronic foreign body reaction was present at the interface of all 
polypropylene meshes. The collagen III/I ratio was significantly increased and the 
meshes were completely embedded in a thick pannus of collagen. The frequency of 
apoptotic cells ranged from 6 to 30%. 

At the surface of the polyester mesh the cellular foreign-body reaction was less 
pronounced. 



Patients with Complaints After Mesh Repair of Incisional Hernia 

Patients 

Between October 1998 and October 2002, 14 patients with severe complaints 
following a mesh repair of an incisional hernia were reoperated at the Surgical 
Department of the Park Klinik in Berlin- WeiCensee. There were 6 male and 8 
female patients with an average age of 66 (53-78) years. 

The previous procedures were found to be a polypropylene mesh repair in nine 
cases, five with a sublay position, four with an onlay mesh. A sublay Vypro repair 
and an IPOM Surgipro repair was present in two patients each. One female pati- 
ent had a sublay ePTFE repair. The postoperative interval until presentation at the 
Surgical Department in Berlin- Weissensee ranged from 16 to 44 months. 

All patients underwent a clinical examination including a careful history with 
special attention to the characteristics of abdominal pain and an ultrasonography. 



Indication of Operations 

Infection 

Two patients with an IPOM Surgipro repair presented with an abscess and an ent- 
erocutaneous fistula due to intestinal adhesions with an erosion of the small bowel. 
The infected mesh was removed, the small bowel fistula was closed and one imme- 
diate and one delayed sublay Vypro repair was done. 
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Recurrence 

Twelve patients presented with a recurrence. In those with a polypropylene mesh 
the standard reoperative procedure was an additional Vypro mesh repair in a sub- 
lay position. The polypropylene mesh was left in place in nine patients. In two 
cases the sublay polypropylene mesh was completely folded and crumpled so 
that the foreign body material had to be excised and the defect closed by a sublay 
Vypro repair. One female patient had a recurrent midline incisional hernia 18 
months after a sublay ePTFE repair. She had the ePTFE prosthesis removed and a 
closure with a sublay Vypro mesh (Table 3). 



Table 3. Main complaints and surgical procedures in 14 patients with incisional hernia mesh 
repair 





Surgical procedure 




Recurrence n = 12 


Additional mesh n = 9 


Mesh removal n = 3 ( 1 ePTFE, 






2 sublay polypropylene) 


Fistula/abscess n = 2 




Mesh removal n = 2 (2 IPOM) 



Perioperative Care and Follow up 

Informed consent was taken from all patients regarding partial or total mesh remo- 
val depending on the individual intraoperative situation. All other perioperative 
conditions were the same as in the patients with an inguinal mesh repair. 

In October 2002 the patients were examined clinically and by ultrasonography. 
The follow-up interval ranged from 10 to 36 months. Due to the small number of 
patients with different complaints, no statistical analyses were done. 



Results 

Overall, the mesh was removed in 5 of the 14 cases. Complete explantation of the 
infected mesh and closure of the enteric fistula was necessary in both patients with 
a small bowel erosion and abscess formation. In the patient with an immediate 
repair the postoperative course was complicated by a new mesh infection. The 
wound was opened and left for secondary wound healing. Spontaneous closure 
occurred after a prolonged period of 10 weeks. The second case had a temporary 
fascial closure using a Vicryl mesh. Primary wound healing was observed and defi- 
nitive sublay Vypro repair of the abdominal wall was done 9 months later with 
an uneventful postoperative course. At follow up both patients claimed mild pain 
during severe physical activity. No recurrence was found clinically or by ultrasound. 

The main cause of a recurrence was a folded mesh in all cases with a polypro- 
pylene mesh repair. The recurrence always occurred at the margin of the mesh. 
The 9 patients with an additional mesh repair (sublay Vypro) had a postopera- 
tive course without complications. No recurrence was observed during follow up. 
Three patients reported mild or moderate pain during exercise. 
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In two cases a completely crumpled polypropylene mesh was removed. The 
patients were satisfied to get rid of the stiff foreign body from their abdominal 
wall. At follow up both were free of symptoms and showed no recurrence. In the 
female patient with a recurrence after a ePTFE repair more than 50% of the fixa- 
tion sutures were ruptured. After 18 months the prosthesis showed no signs of 
incorporation and was easily removed. At follow-up examination she was satisfied 
with the sublay Vypro repair and showed no recurrence. 



Conclusion 

Today mesh removal is still a rare procedure. Considering the large amount of 
mesh repairs done in daily practice and the small series of mesh explantation 
reported in literature it is obvious that mesh repair in general is a safe procedure. 
Even when the mesh repair fails the material can be left in place, for example in 
simple recurrences after inguinal or incisional mesh repair. 

On the other hand, mesh explantation is feasible and may reveal good long- 
term results. An important supposition is a careful selection of patients. Indica- 
tion should be restricted to cases with conservatively intractable symptoms. These 
are persistent infection with abscess formation around the mesh, invasion into a 
hollow organ [gut/bladder], severe groin or abdominal pain where other reasons 
[ilioinguinalis syndrome, hip degeneration, etc.] had been ruled out and recurrent 
hernia with severe pain not related to the recurrence. 

The operation is challenging. The surgeon should be experienced in hernia sur- 
gery and vascular surgery. Especially when a mesh removal from the groin is inten- 
ded, informed consent from the patient concerning the increased risk of testicu- 
lar and vascular complications is mandatory. 
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Discussion 



Kingsnorth: Ifs a fundamental question about which is the favorable technique. 
Why sublay, why onlay. Dr. Flament didn’t give us any answers, any pros or cons, 
why the one and why the other. I think it is possibly the most fundamental que- 
stion of repair of incisional hernia, because the sublay technique which is what all 
the experts like to do, is rather difficult, and I think it does have complications. You 
have lot of dissections to do, but the onlay operation is much easier and I think 
we really do need to know which of these operations could be better for the gene- 
ral surgeon. There is a lot of disease out there, there are a lot of incisional hernias, 
and the majority of them haven’t been treated. If we were able to introduce a 
more simple operation, perhaps the onlay with a good prosthesis that we might be 
treating our patients much better than we do now. 

Flament: To answer your question. I think that these are two different topics. Do we 
have to dissect free the abdominal cavity, do we have to open the peritoneum when 
we do an incisional hernia? Or do we have to do it like we did at the beginning of 
the last century: »I do not want to know what is inside I just push the bowel inside 
the abdomen and I close it.« That is the fundamental question. If I do an onlay 
technique I would free all the abdominal cavity, I would resect all the peritoneal 
sac: so the difficulty of the procedure would the same. When you have cleared the 
operative field - no adhesions, no sac, no fibers of connective tissue, retromuscular 
or premuscular is as easy. It is not difficult to open the retromuscular space. After- 
wards, you close the posterior sheet and place a prosthesis. It’s very easy. I think it’s 
more hazardous to lift large skin flaps in the onlay technique as proposed by Mr 
Chevrel especially due to seromas and hematomas. So you have a dissection to do, 
either behind or in front of the muscles, and I do not think that the dissection 
behind is more difficult than the dissection in the subcutaneous space. 

Bendavid: Did you find onlay more or less difficult than sublay? 

Flament: No 

Bendavid: Andrew, have you done onlay and sublay when you claim that the sublay 
was more difficult? Is this a perception or a fact? 

Kingsnorth: I first of all started out by doing the sublay. Then I had some very dif- 
ficult incisional hernias with very weak posterior fascia, and it was difficult to do 
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a sublay. I think that you find it very easy to get into the retromuscular space, but 
I think not without morbidity. I had one or two exceptionally good results with the 
onlay technique with good cosmetic result. I did them with plastic surgeons and 
they took away my fear of raising these large skin flaps to redesign the abdominal 
wall. Now, in my practice I do two thirds sublay and one third onlay. 

Schumpelick: We use onlay only if we can’t do a sublay prosthesis, and now there 
is an ongoing trend to do more onlay because it is less difficult. My question is: how 
much overlay do we need in the onlay position? 

Flament: When we do an onlay after relaxing incision we just stitch the prosthesis 
to the edge of the rectus sheeth. We don’t do this big overlay because we are afraid 
of the big skin flaps. 

Read: I think Andrew Kingsnorth raises an important question as to what opera- 
tion the general surgeon should do. I first understood about 40 years ago the awful 
problem of incisional hernia in our hospital, and I am very pleased with Dr. Fla- 
ments operation. I do not find it difficult to get into the subrectal space, I do not 
run into the epigastric vessels, I copied his technique. I think Dr Flament and his 
colleagues have made a tremendous contribution in the past decade to the repair 
of incisional herniation. The other comment that I wanted to make was in Dr. Jee- 
kel’s paper in regard to the question of incisional hernia, whether it is the surge- 
on’s fault when it occurs within the first months. I don't believe that these hernias 
within the first time are all the surgeon’s fault. We know that there are biological 
factors which cause changes in the scar formation and one of the basic changes is 
broadening of the scar. Now recently there was a very fine article which prospec- 
tively randomized the effect of cigarette smoking on skin scars after a standard 
abdominal operation and the evidence was: when you smoke and have a standard 
abdominal operation, that your scar is going to be twice as wide as those who do 
not smoke. We know that there are many more biological factors and I believe at 
1 month with a biological compromise you will get a broader diastasis. 

LeBlanc: I have two questions. One for you. Dr. Flament. What do you do when you 
have an enterotomy intraoperatively. You have taken down some adhesions and you 
get into the intestine. How do you handle this? Do you continue and put on a mesh? 

Flament: We close the intestine immediately using 4/0 Vicryl and if there is major 
damage we put betaisaidonna in and we forget it. 

LeBlanc: Is it the same for the large and the small bowel? 

Flament: I tell you, a clean recurrence is better than an infected prosthesis. Ope- 
ning the colon we put in an absorbable mesh, maybe using the onlay procedure, 
but we never use polyester or polypropylene in these cases. 

LeBlanc: I have one suggestion to Dr. Jeekel. I think if more of our operations were 
done laparoscopically we might have fewer incisional hernias. So we should do all 
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of our colons laparoscopically. But concerning your results and recommendations: 
should we put in a mesh after primary laparotomy for closure of the abdomen? 

Jeekel: In primary midline incision? There are no data about it. There is one study 
of somebody who did tried it, but it was not very effective. So, I think really that 
we don’t know yet. Coming back to the issue of the 1 -month occurrence of inci- 
sional hernia, I was rather careful and just suggested that the surgeon is the one 
who is doing the job. The patient-related factors are the reasons why we should 
perform prospective randomized trials. Those factors you find out if you use pro- 
spective randomized studies. Of course they exist. In our prospective randomized 
study of incisional hernia in the mesh repair we found patients with an aortic 
aneurysm in their history they have a very much larger incidence of hernia rate. 
We all know that. 

DeBord: One comment on Dr. Jeekel. Your talk about choosing an alternative inci- 
sion really has caught my eye. We recently started a randomized prospective trial 
in our open geriatric patients between an extended subcostal and a midline inci- 
sion and see if we can reduce this 25% incidence that occurs in obese patients. 
Maybe I shall have some more information on that in a year or two. I have a que- 
stion on Dr. Franklin’s talk. One of the things that seems to be consistently diffe- 
rent between open and laparoscopic incisional hernia repair with meshes is that 
you don’t do anything to the sac, you just tack or secure a mesh to the underlying 
surface. I think that’s creating a seroma problem. The question is: do you do any- 
thing to the sac or do you think it is not necessary? Especially when you close the 
incision as you do in addition to putting in a mesh. 

Franklin: As a matter of fact, time didn’t allow to really go into all details, but our 
seroma formation is less than 5% and is almost always in giant hernias. So I think 
the closure of the fascial defect does reduce the incidence of seromas. As suppo- 
sed to what we heard earlier I never tap a seroma unless I think it is infected. I 
leave it there because it always goes away. It may take 3 to 6 months but when you 
explain to the patient what it is, it always goes away. So I don’t worry about it. 

Israelsson: First of all, we have shown at our hospital that patients operated on 
because of an aortic abdominal aneurysm and geriatric surgery in the severely 
overweight patients. They do not have a higher rate of incisional hernia than other 
patients, providing that they have there midline incision closed using a suture to 
wound length ratio of more than 4. That’s the first thing. The second I would like 
to address to Dr. Jeekel. I think you must be extremely careful before you advise 
surgeons not to enter the abdomen using a midline incision. First of all, you should 
take care that all midline incisions are closed with an adequate ratio. We know that 
this is cost-efficient, but you have no idea whether it is cost efficient to change to 
a lateral paramedian incision. 

Jeekel: Yes, you are right. Of course you can much better control the incidence of 
incisional hernia if you close the abdomen in the right way, but apparently this is 
not really possible. It is very difficult or impossible to do. I know that these data 
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are probably very valid although we have to do more studies in the 4:1 ratio. Clo- 
sing the abdominal wall is the end of the operation and it is done too fast proba- 
bly. It is not possible to do it in a standard way as we do it now. 

Kingsnorth: I would like to address this question to the laparoscopic surgeons. In 
the last 3 days we have seen that probably general surgeons at the moment are not 
able to use laparoscopy for groin hernias. Looking into the crystal ball: how would 
the laparoscopic surgeons see general surgeons taking out laparoscopy to repair 
incisional hernias, because undoubtedly they get the same, if not more, benefits 
from repairing incisional hernias laparoscopically, because it is minimally invasive, 
because you can see all the defects, you get the patients home with comfort and 
so on. . . But is this a very difficult procedure? Is it able to be taken up by general 
surgeons? 

Franklin: I can tell you. I get probably five calls a months from general surgeons 
wanting to know how to fix an incisional hernia laparoscopically. I think we have 
an entirely different situation with inguinal hernia versus incisional hernia because 
there is a good alternative to laparoscopy with an open repair for inguinal her- 
nias. That is not necessarily true with incisional hernia and, as I said, the prelimi- 
nary results are so good, at least they appeared to be so good - but we have no 
good prospective randomized study yet - that many general surgeons make the 
additional afford that it takes to learn to do it. So I think it is something that most 
general surgeons who do laparoscopy can do. The opposite of that is that in my 
opinion the hernia repair is a lot harder to do with equal benefits. 

Schumpelick: I have two questions. The first to Dr. Jeekel. Now I have found the 
first specialist in rectus diastasis. I have always asked, what is the natural history of 
rectus diastasis? Are you sure, that rectus diastasis will result in a hernia? Is it 
proven? How should we treat rectus diastasis at all? The second question to Dr. 
Franklin. Why don’t you use the IPOM technique in inguinal hernia, if you are so 
successful with your laparoscopic approach for repair of an incisional hernia? 

Franklin: I do laparoscopic inguinal hernia repair. I had changed from the IPOM, 
not because I had complications, but because I think the TEP is a more elegant 
repair, as we have heard already. We have had 600 patients that we did through 
about 1996 and I can tell you we have had no problems, less than 1% recurrence 
rate; but I still feel that the TEP is a more elegant procedure. 

Jeekel: Just to answer the question about diastasis. I am not an expert in diastasis 
and I don’t treat diastasis, usually I don’t operate it. What I have said about this 
study is that these are preliminary data, we have to extend the study about diasta- 
sis. In the test we found that the place where the diastasis was found within the 
first month was the same place where those patients had a hernia later on. So we 
have to extend it to many more patients and see if it is still consistent. 

Bendavid: At the Shouldice hospital we never treated the rectus diastasis. Howe- 
ver, I started now by doing the repair that Flament has described. The other com- 
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ment I want to make is: I was hoping that laparoscopic repair of an incisional her- 
nia would be a wonderful addition. Unfortunately, I was finding out, that the larger 
the defect the less successful the operation would be. 

Gilbert: Just as a follow up on that. I think from our perspective more and more 
general surgeons are starting to look at laparoscopic incisional hernia. The frigh- 
tening thing about it is in small hernias that they are going to do that technique 
with what the mesh can be fixed very simply to the out open approach and unfor- 
tunately when they get to the very large ones they back off because they are too 
big to be fixed that way. So it becomes a bit of a trap. 




IX The Ideal Mesh - 
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44 The Ideal Mesh - How Should it Look Like? 
A Surgical Approach - 
Open Abdominal Wall 

V. ScHUMPELiCK, U. Klinge, M. Stumpf, R Ulmer, K. Junge, R. Rosch 



Introduction 

Since the introduction of synthetic mesh materials into surgery by Usher in 1959 
[1], our understanding of mesh biology has been developing continuously. By 
now, intensive research in the field of mesh structures, wound-healing properties, 
tissue response and mesh integration have led to an improvement in hernia 
repair. 

In general, the ideal mesh is characterized by a variety of requirements, such as 
economic aspects, functionality and operative handling, sterility or even anti-infec- 
tive and optimized biocompatibility. 



Mesh Materials, Structures and Textile Criteria 

Surgical meshes consist of different polymers with an either mono- or multifila- 
ment structure. Furthermore, relevant textile parameters in their evaluation are the 
amount of material, the tensile strength, the bending resistance or the elasticity. 
Particularly for laparoscopic hernia repair, the pore size and the transparency of 
meshes play a pivotal role. 

Based on their polymer structures, the most frequently used materials in hernia 
repair can be grouped into the following three candidates: 



Polytetrafluoroethylene (PTFE: Gore-Tex) 

Meshes made of polytetrafluoroethylene are characterized by a very small pore 
size (1-6 pm) and therefore react like a foil without tissue ingrowth [2-4]. Alt- 
hough providing sufficient mechanical stability [5], until now, there is little infor- 
mation about the long-term degradation of PTFE meshes. Because of a low affinity 
for adhesions, the PTFE mesh is probably the first choice for an intraperitoneal 
position of the prosthesis (laparoscopic repair). Due to the small pore size, how- 
ever, the persistence of bacteria is promoted, thus leading to higher infection 
rates as compared to other materials. Therefore a removal of the prosthesis in 
case of infections is necessary [6j. Another disadvantage of these meshes is the 
high amount of costs. 
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Polyethylene (Mersilene, Parietex) 

Polyethylene meshes show a high mechanical stability and provoke only a slight 
adhesion formation [7-9]. With the construction of multifilaments, the low- weight 
Mersilene mesh shows a reasonable flexibility, whereas the high-weight multifila- 
ment Parietex mesh is characterized by a high bending resistance. One problem 
of polyethylene meshes is their degradation, which leads to a reduced mechanical 
stability after lOyears [10, 1 Ij. Moreover, this hydroloytic disintegration has been 
shown to be catalyzed by a persisting infection [12]. Finally it has also been 
reported that patients with polyethylene mesh implants have higher incidences 
of wound-healing complications, fistula and seroma formation and higher inci- 
dences of hernia recurrence as compared to polypropylene meshes [13, 14]. 

To sum it up, due to the loss of stability and the reported mesh-related compli- 
cations, polyethylene meshes nowadays do not seem to be suitable for a permanent 
reinforcement of the abdominal wall. 



Polypropylene (Marlex, Prolene, Atrium, SurgiPro) 

Polypropylene meshes show a good mechanical stability and reasonable elasti- 
city. By now, a long-term degradation similar to polyethylene meshes has not been 
reported. In contrast to PTFE meshes, polypropylene meshes are less susceptible 
to infections [15] and even might be left in situ in case of an infect [6]. Polypropy- 
lene meshes are often constructed with monofilaments with a small pore size and 
a relatively heavy weight. After an initially pronounced inflammatory tissue reac- 
tion, most materials provoke a relatively long-lasting and »mild« chronic foreign- 
body reaction [16, 17]. Because of postoperative seroma formation in 14,5-45% 
of implantations [18, 19], the application of drainages for 3-7 days is recommen- 
ded [20]. 



Material-Reduced Meshes: Polyproplene and Polyglactin (Vyprol/ll) 

In order to avoid the disadvantages of high amounts of material as the strong 
foreign body reaction or the subsequent increase of abdominal wall restriction, a 
material reduction of polypropylene meshes was discussed. Furthermore, inve- 
stigations about the tensile strength of the abdominal wall with a maximum of 
16 N/cm have led to the assumption that common polypropylene meshes are over- 
sized. 

With the development of the Vypro Mesh, the first low- weight mesh with a 
reduction of 70% of polypropylene was constructed. In this, Polyglactin 910 fila- 
ments were added to polypropylene multifilaments to increase its bending resi- 
stance and improve intraoperative handling. Because of its large pore size, this 
»light« mesh has been shown to preserve a high level of elasticity even when incor- 
porated into scar tissue [21-23]. Additionally, as shown by Klinge et al., the tissue 
response to implanted Vypro meshes is characterized by a significant reduction of 
inflammation and fibrosis hereby leading to a more physiological integration with 
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formation of a scar net instead of a stiff scar plate (see Fig. 3) [23]. Accordingly, less 
pain, mesh awareness and stiff abdomen were noted subjectively in these patients 
[24, 25]. Finally, despite the mutlifilamentous structure of the Vypro mesh, it is not 
associated with a higher infection rate. 

As the mesh implantation in inguinal hernia repair requires an even higher ben- 
ding stiffness to facilitate intraoperative handling, the Vypro mesh was modified 
by a supplementary addition of Polyglactin 910 and called Vypro II. Hereafter, 
as shown in a previous investigation, the stiffness proved comparable to a heavy- 
weight polypropylene mesh (Prolene), still retaining a markedly reduced restric- 
tion of the abdominal wall mobility and a decreased inflammatory reaction and 
fibrosis [26]. 



Requirements Demanded for Surgical Mesh 

To conclude, the task of a surgical mesh is a permanent reinforcement of the abdo- 
minal wall. Its strength and elasticity should be adapted to the highest physiolo- 
gically required forces and therefore to a maximum load of the intraabdominal 
pressure of 100-150 mmHg. Except for abdominal wall replacement where a ten- 
sile strength of 32 N/cm should be provided, the reinforcement of the abdomi- 
nal wall requires a strength of 16 N/cm (Figs. 1 and 2) [27, 28]. With respect to 
these physiologically required forces, the values of conventional mesh materials 
are often disproportional. As the inflammatory tissue reaction correlates to the 
amount of the incorporated material, the lowest possible weight combined with a 
high elasticity is recommended. 

Differences in pore size have been suggested as another explanation for diffe- 
rences in the inflammatory reaction to surgical meshes. Beets et al. found an increa- 
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Fig.l . Tensile strength of common surgical meshes and physiological maximum strength 
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Fig. 2. Elasticity of common surgical meshes and physiological maximum strength 



sed foreign body reaction with polypropylene meshes with smaller pores [29]. In 
this context, Klinge et al. postulated an impaired fluid transport through small 
pores to be responsible for an accentuated tissue response [30]. A pore size lower 
than 800-600 pm results in a fibrotic tissue response similar to a »bridging reac- 
tion« between the pores thus leading to a rather scar plate than a scar net. We the- 
refore recommend the use of large pored mesh materials (Fig. 3). The use of mono- 
filament meshes should further reduce bacteria adherence and mesh infections. 

In future, the development of mesh materials should improve both its biocom- 
patibility and - as a scaffold - the patients wound healing and regenerative pro- 
perties. Meshes with an even biological activity could reduce recurrence rates in 
hernia patients possibly suffering a connective tissue disorder. 




Fig. 3 . Pore size and fibrotic tissue reaction 
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45 The Ideal Mesh for Abdominal Wall Repair - 
For Laparoscopic Procedures 

J.R Kukleta 



In 1878 Billroth wrote a letter to his scholar Czerny: »If we could artificially produce 
tissue with the properties of fascia and tendon, the secret of the radical cure of her- 
nia would be discovered.« One hundred and twenty-five years later we have made 
progress in this direction, but we are still far from the secret of the cure. In bet- 
ween we have learned an important lesson: strength and endurance of a synthetic 
material alone are not enough for the complexity of any kind of foreign-body 
implantation. 

The objective of the treatment of hernias has remained unchanged since Bill- 
roth. Reinforcement of a defective region, with the best possible permanent results 
and the least possible handicap for the patient. In the following expose I shall try 
to focus on »the ideal mesh« from the perspective of a laparoscopic surgeon, al- 
though I am aware of the fact that this is only one of at least two possible consi- 
derations. 



The Ideal Mesh? 

To mesh or not to mesh? Is that the question? 

The question asked here is not if or not, but why, when, how and what for? 

»Ideal« from what point of view? With whose optic? Patient? Surgeon? Health 
care provider? Industry? With what argument? Recurrence? Early recovery? 
Patient’s comfort? The age of fast food? 

What are the necessary and what the desired properties of a mesh that we should 
like to have in the future, what are the demands and what are the expectations? 

The demands are based on aquired knowledge, on experimental studies and ana- 
lysis of pitfalls. More precisely said, there are certain requirements on meshes to be 
fulfilled, because it is feasible to fulfill them today (Table 1). 

The expectations, on the other hand, represent our wish to improve certain 
properties, to eliminate potential risks, to get closer to the »ideal mesh« or even 
further than that: to get closer to the secret of radical hernia cure (e.g. by subtitu- 
tion of the non-absorbable mesh by a very slow absorbable one with additional 
local stimulation of appropriate collagen synthesis). 

There are not many substantial differences between the ideal mesh for open sur- 
gery and for laparoscopic use, but there are some. The most obvious ones concern 
the treatment of incisional hernias (PIHR - prosthetic incisional hernia repair). 
The repair strategies in PIHR and open repair are not identical. The visceral face 
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of mesh in laparoscopic PIHR must have additional characteristics, which are negli- 
gible in open repairs. The mesh fiber - underlying tissue interface in laparoscopic 
repairs and in open repairs is not the same, which again entails adequate modifi- 
cations of the parietal face. 

The difference in distendability of the myopectineal orifice and of the antero- 
lateral abdominal wall requires corresponding solutions. The area covered by mesh 
in inguinofemoral hernia repair is in general smaller in open than in laparosco- 
pic repair. The risk of infection seems to be much lower in both laparoscopic pro- 
cedures. 

Besides this, there is a marked difference in the surgical strategy, due to typical 
laparoscopic impairment of dexterity, among other disadvantages. We operate less 
straightforwardly, but thanks to more detailed knowledge of local anatomy we 
move forward by preventing possible complications. 

One of the basic principals of any medical treatment is: nihil nocere - no 
damage, no harm. So neither the surgical act itself, nor implantation as a techni- 
que, nor the mesh as a biomaterial should cause any harm, neither in the short, or 
in the long run. This approach has to become a requirement no. 1 and not just only 
a wish. 

So before one can attempt to construct »the ideal mesh«, we have to summa- 
rize briefly what we think we know about the interactions of living tissue and 
synthetic mesh and then try to draw some conclusions out of it for the practical 
use. 



Table 1. Criteria and requirements to meshes for laparoscopic use 



CharactcrktkyProperty 


Mealitype 


Immediate mechanical resistance 


All 


Long lasting mechanical resistance 


Non-absorbable 


Temporary retention necessary (only) 
Solid ingrowth 


Macrop>orous (adequate size) 


Permanent retention mandatory 
Insufficient tissue ingrowth 


Microporous 


Peritoneal coverage mandatory 


Macroporous 


Intraperitoneal onlay possible 


Microporous, protected composites for 
incisional hernia only 


Safety 


Transparent 


Lower infection risk 


Macroporous polypropylenes 
oligofilament 


Higher infection risk 


Microporous, non-absorbable multifilaments, 
polyester 


Conformability 


Light mesh, big pores, multifilament 


Chronical inflammatory response 


Heavy mesh 


Rigidity 


Monofilament, smaller pores, heavy mesh 


Higher biocompatibility 


Light weight, big pores, small surface contact 
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Introduction 

Between the surface of the implant and the extracelullar matrix exist electrical 
potential gradients, which are variable from the both sides of the electrical bilayer 
(e.g. pH). Each material with its different surface properties shows different com- 
patibility grades in different tissue environments. 

The electrical fields can transform proteins to antigens. The immune system 
recognizes then the biomaterial as a foreign body. The extent and the quality of 
the host response is influenced by many factors. The determination of biocompa- 
tibility in advance would be of major interest, because the understanding of these 
processes and measurability of the important factors would enable the develop- 
ment of better materials and skipping a substantial part of the animal experiment 
models. Nowadays there are some indicators which help to asses the expected 
compatibility of a material in living tissue (e.g. HSP-70, Ki67, TUNEL). 



The Ideal Mesh Should be Made of an Ideal Biomaterial 

The ideal biomaterial is expected to be chemically inert and mechanically resistant. 
It has stable physical properties, induces or permits a sufficient tissue ingrowth, 
causes mild inflammatory or foreign-body reaction, no sensibilization, no rejec- 
tion. It does not promote or harbor infection and is not carcinogenic. It has to be 
sterilizable and probably recyclable, its production should be inexpensive. 

The biocompatibility of the polymer and of the mesh made of it is not identi- 
cal 124]. There are some other factors which determine the behavior of the for- 
eign body and the histological host reaction and therefore influence the functio- 
nal result. Besides the polymer itself, thickness, pore size, total quantity of foreign 
body, tensile strength, bursting strength, flexural rigidity, contact surface, electri- 
cal charge and transparence are recognized as important variables. 

In order to choose the best available mesh or to design even a better mesh it is 
crucial to analyze the various properties one by one and than decide what is a 
»must have«, what is »can have« and what is avoidable. That is why it is vital to 
continue the biomaterial research as well as the search for better surgical soluti- 
ons or even for other treatment options. 



What Do we Expect From the Mesh? 

Obviously the most important reason for the use of meshes in hernia repair is the 
mechanical support. 



The Mesh Has to Reinforce 

• It is thought to reinforce now and forever. Therefore it has to be non absorbable 
or (possibly in the future) very slowly absorbable, if in the meantime substituted 
by solid scar tissue. 
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• The mesh must be mechanically stable enough from the very start (it has to resist 
16 N/cm). 

• It should permit a rapid early fibrinous fixation to help prevent an early dislo- 
cation. 

• It has to facilitate an ideal ingrowth of reparative tissue. 

• The ingrowth has to guarantee the constant position of the implant, that means 
it has to prevent the possible mesh migration. If the resulting scar tissue can not 
hold the mesh in place a secure permanent fixation is mandatory. 

When these requirements are met, a correctly placed mesh of adequate size should 

reduce the recurrence rate to zero. 



It Must Not Do Any Harm 

As the ideal biomaterial still does not exist and the implanted mesh has to maintain 
its properties for up to six or seven decades, the best achievable biocompatibility 
is of eminent importance: 

No early disadvantages: allergic reactions, rejections or negative feelings for the 
patient immediately postop. The mesh by itself does not cause pain, unless it is 
incorrectly placed or fixed or both. 

No late negative consequences or risks like material degradation, shrinkage, 
migration or carcinogenesis. 

Should not facilitate or harbor infections. 

Should not cause adhesions, or fistulas in cases, where the mesh is placed intra- 
peritoneally. 



It Should Reestablish 

The mesh should have a similar behavior qualities like the tissue being repaired. A 
certain distentability of the anterolateral abdominal wall is a physiological neces- 
sity. If lost or impaired, motion restriction and an uncomfortable stiffness is the 
consequence. Although in inguinofemoral region less important, bidirectional flexi- 
bility of the mesh promises less local discomfort [16]. 



It Should Be Affordable 

The price is always a concern, but up to a certain level not the point. The cost - 
benefit relation per patient should still be positive. 



Should Ease the Implantation 

The mesh has to be thin enough to pass the trocar first. After rolling up the mesh 
the material dependent memory effect helps to unroll and position it. Moderate 
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stiffness can ease the placement as well as make it more difficult, pronounced plia- 
bility enables a perfect adaptation to underlying tissues and minimize seroma for- 
mation, but impairs the handling. Transparency means safety. It allows the correct 
placement to be confirmed and helps to avoid injuries, when fixing the mesh. 



Should Prevent Dislocation 

More than half of all recurrences after laparoscopic repair are early recurrences, 
caused by a technical error (improper placement, incorrect size and retention) 
or an early dislocation. Stiffer materials are less prone to be moved, additional 
stiffness of the prosthetic edge makes the bending and lifting up improbable. 
Adhesive property (e.g. on demand) or improved temporary retention (e.g. glue) 
would resolve this problem. 



Should Compensate Inability 

Laparoscopically implanted mesh is either in completely extraperioneal position 
or, due to technical inabilities, in intraperitoneal onlay position. The visceral face 
of the mesh has to prevent adhesions and granulomatous processes when exposed 
to intestinal loops. The parietal layer has to permit a sufficient ingrowth or it requi- 
res a permanent fixation. In intraperitoneal position following materials can be 
used: 

• Microporous material on both interfaces with life long fixation. 

• Microporous material on visceral side with roughening of the parietal side (dual 
mesh, corduroy). 

• Composites: microporous and macroporous like Composix or coated like Parie- 
tene composite or Parietex composite, PL-PU 99? 

• New materials that allow direct contact with the viscera. 



What Properties Are Variable? 

According to Goldstein (1999), the mesh choice should not be an emotional act, but 
based on analysis of the known important variables. 



Polymer 

The first variable is the polymer itself. Besides polyglycolic and polyglactic acid, 
polypropylene, polyester and polytetrafluoroethylene in its expanded form - ePTFE 
- are the most popular. 

Mesh can be made of absorbable or non-absorbable materials. Combining two 
different materials, composite meshes can be created. It can be manufactured as 
monofilament and multifilament structures. Further the meshes can be knitted, 
woven and non-knitted non-woven - termally bonded. 
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Absorbable 

The hydrolysis of today’s commercially available absorbable meshes - polyglycolic 
acid (Dexon) and polyglactic acid (Vicryl) - is too fast for a sufficient deposition 
and maturation of collagene. In other words, the above-named are not suitable for 
a tension-free hernia repair. Surgisis is a relatively new reinforcing sheet made of 
porcine intestinal submucosa. Besides not being suitable for tension free repair, it 
carries the risk of sensibilization. According to Franklin (2002), it presents an alter- 
native for repairs in infected areas. Polylactid LTS is a new polymer being tested. 
It keeps its mechanical strength for over a year, causing a decreased connective tis- 
sue formation [21]. 

Non-Absorbable 

The list of non absorbable materials is long, but the currently used are 

• Polypropylene (Marlex, Prolene, Atrium, Surgipro, Trelex, Parietene, Biomesh, 
TiMesh), 

• Polyester (Dacron, Parietex), 

• Polytetrafluoroethylene (Teflon), 

• expanded PTFE (Gore-Tex). 



Composites 

The composite meshes consist of two components with different properties. 

• Incorrectly named »semiabsorbable« can be a combination of a non-absorbable 
structure and an absorbable one. The latter component temporarily improves 
some handling properties and gives an additional temporary support. (Vypro, 
Vypro2). 

• In other indications an absorbable sheet covers an intraperitonealy placed 
macroporous mesh, to protect the bowel loops from direct contact until the 
formation of neoperitoneum is finished (»protected mesh« Parietex composite, 
Parietene composite). 

• For the same purpose, but with another strategy, a combination of microporous 
and macroporous, both non-absorbables, was developed (Composix). 

Vypro and Vypro2 consist of polypropylene and polyglactin, Composix of ePTFE 
and polypropylene, Parietex composite of polyester and hydrophilic coat and Parie- 
tene composite of polypropylene and the same protective sheet of collagene/poly- 
ethylene glycol and glycerol. 

The following text concerns the semiabsorbable and non-absorbable meshes 
only. 
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Multifilament 

Dacron, Mersilene, Teflon, Gore-Tex, Surgipro 

Multifilament fibers woven to meshes add excellent mechanical properties to 
subtleness and pliability a potential risk of infection. According to Amid’s classi- 
fication of biomaterials (1997) type III, these meshes are macro- and microporous. 
Pores smaller than 10 p can harbour infection while offering a shelter for bacteria 
against the much bigger macrophages. Once infected, the meshes have to be remo- 
ved. Interstices smaller than 75 p do not offer enough space for the fibroblasts and 
impair the quality of host response. 



Monofilament 

Marlex, Prolene, Atrium, Parietene, Biomesh, TiMesh, Trelex 

The correct denomination of this product group should be oligofilament or mono- 
and duofilament. 

Most of the expected positive properties can be found in this group of polypro- 
pylenes of type I. 



Total Quantity of Foreign Body 

This value is measured in g/m^. There are substantial differences among the currently 
available products. Prolene with 100 g/m^. Atrium with 37 g/m^, Vypro 2 with 100 g/m^ 
at the beginning and around 35 g/m^ after the absorption of polyglagtin and a quite 
new product TiMesh and TiMesh extralight with 35 and 16 g/m^, respectively. 

Meshes cause an acute inflammatory reaction first and then a chronic one with 
fibrosis. The ongoing chronic inflammation surrounding the mesh fibers can be 
demonstrated even after many years [25, 27]. The extent of each histological res- 
ponse relates to the amount of foreign body [33]. It is documented by various inve- 
stigators that so-called light meshes do much better. 



Strength 

Tensile strength, bursting strength and suture pull out strength among others are 
determined according to ASTM by standard textile testing methods. Thanks to the 
Aachen group we know today that probably all available meshes are unnecessarily 
strong. The calculated strength to withstand is 16 N/cm (Klinge). Most products 
reach this value with reduced quantity of polymer, which supports the idea of light 
meshes with all its sound consequences. 



Rigidity 

»Heavy« meshes (Prolene, Marlex, etc.) show much higher stiffness (mg/cm) values 
than the light ones (Atrium, Vypro2, TiMesh). They are less pliable, more difficult 
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to pass the trocar, but easier to handle inside of the abdomen. The failure to adapt 
to the 3-D anatomy is related to seroma formation and delayed incorporation. 



Thickness 

Thickness determines the total foreign-body weight, conformability and transpa- 
rency. A thinner mesh is »lighter«, creates less dead spaces and less seromas and 
improves the deposition of collagen. 



Pore Size 

The mesh acts as scaffold for the ingrowing tissue. The size of the interstices affects 
the fibroblast proliferation, angiogenesis, the collagen synthesis and its maturation 
besides the infection resistance. The bigger the pores are, the higher the compli- 
ance of the underlying tissue [20]. This results in less seroma, better conforma- 
bility, better ingrowth and higher safety due to better transparency. Pores over 
1000 p slow down the incorporation process, but improve the mechanical quality 
of resulting scar tissue. Macroporous materials of Amid type I are safer concerning 
infection and solid tissue ingrowth. 



Contact Surface 

According to biomaterial science the surface of the implant is the key to the com- 
patibility in living tissue. It is known that monofilament and macroporous meshes 
have more favorable histological outcome. Some multifilament products like Mer- 
silene show a very high biocompatibility, but carry the risk of infection and become 
stiffer than monofilament meshes after the ingrowth. The very low surface tension 
of Teflon does not offer enough ground for attachment and causes a poor fibro- 
plasia. The dense surface of Gore-Tex permits hardly any angiogenesis, with resul- 
ting encapsulation rather than poor incorporation. This can be an advantage or a 
disadvantage, depending on the purpose and localization of implantation. There 
is probably still a lot more to know about the importance of the submicronic orga- 
nization of the material’s surface. 



Unanswered Questions 

Shrinkage 

Do the meshes really shrink? To what extent? The general belief is that the plane 
meshes do shrink due to compression of scar tissue 25-40% of the original size 
[26, 35, 36]. My personal observation does not support this extent and Coda’s report 
turns it all upside down (prosthetic meshes could »expand« as well as »shrink« in 
the extent between -40% and +58.5%). It seems that the shrinkage is an »indivi- 
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dual« response to a multifactorial condition and not only caused by the implanted 
material kind. The shrinkage-influencing factors or conditions could not be deter- 
mined yet. Are they intrinsic or extrinsic? 



Migration 

Is it probable that a fully incorporated, correctly placed mesh without folds and 
wrinkles can start to migrate after years? 



Risk of Delayed Infections 

How big is the life-long risk of the mesh superinfection during bacteriaemia of 
unrelated origin? Does the implant require an antibiotic prophylaxis similar to 
endocarditis prophylaxis? 



Composites 

Is the use of coated polypropylene in PIHR in intraperitoneal onlay position safe? 

Is the neoperitoneum sufficient protection for viscera after years? Is the use of 
PP and PE in rectal prolaps repair obsolete? 



Summary 

Are There Disadvantageous Meshes? 

The currently available absorbable materials do not stay in situ long enough for 
a sufficient deposition and maturation of collagen. They lose their strength too 
early to serve as a mechanical support, therefore they do not qualify for tension- 
free repairs. These materials are expected to be a good alternative when reinfor- 
cing potentially infected areas. 

• The multifilaments carry a higher risk of infection and have to be explanted once 
the chronic infection is established. The reinforced tissue layers become stiffen 
This may increase functional discomfort. 

• The microporous meshes do not enable sufficient fibroplasia. As the resulting 
scar tissue does not guarantee a stable ingrowth, these meshes must be addi- 
tionally fixated. Permanent fixation may hurt at the fixation sites and cause 
chronic pain especially when pronounced shrinkage occurs. Besides these 
disadvantages there is an obvious risk of harboring infection. The consecu- 
tive explantation is described as being much easier than in any other material. 

• Insufficient transparency (Gore-Tex, Surgipro, composites) contains the risk of 
an injury when applying mechanical fixation. 

• Inadaquate mesh size is in inguinofemoral as well as in incisional hernia repair 
probably the most important cause of recurrence. 
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• Heavy meshes cause a chronic foreign body-reaction which leads to unfavorable 
fibrosis, more frequent and more pronounced shrinkage and more often a pati- 
ent-relevant discomfort. The theoretical risk of carcinogenesis has fortunately 
never been clinically demonstrated [33]. 



Conclusions 

What Can Be Changed for Better Already Today? 

The conventional heavy-weight meshes do not sufficiently meet the demands neces- 
sary for a lifetime implant. The 100 g/m^ of polymer are not offering a stronger 
repair, but simply too much of foreign body, with its all known possible consequen- 
ces [22, 27]. It is a fact that the material-reduced meshes show histologically more 
favorable tissue response and still are mechanically stable enough (Klosterhalfen, 
Klinge). But how much is as little as possible and how much is too little? 50 g/m^, 
36 g/m^ or 16 g/m^? Or even less? This question must be answered by a multicenter 
controlled clinical trial. 

Apparently there is still space for improvements. 

As new materials are being developed and tested, there is a hope of eliminating 
the risks and improving the functional results. Possible ways could be the follo- 
wing: 

• Temporary mesh: A very slow absorbable mesh in order to give a long-lasting 
support for a sufficient collagen deposition - Polylactide LTS? [21]. 

• Temporary mesh plus: eventually with additional induction of local collagen 
production. 

• New mesh: Improving the biostability and biocompatibility could reduce or eli- 
minate the risk of chronic wound and still keep the necessary mechanical sup- 
port of a non-absorbable mesh (PL-PU99? [2, 3]; PVDF? [23]). 

• No mesh: Renouncing mesh, when other better alternatives exist. 

Until then, we have to scrutinize our habits and choose the material which is the 
best for our patients: Use the right and light mesh. 
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Discussion 



Jeekel: I have a question concerning the weight of the mesh. Why should the weight 
be so low? I can imagine the pore size and the amount of foreign body, but why the 
weight? 

Schumpelick: The low weight is only a consequence of trying to reduce the amo- 
unt of material. That’s all. 

Jeekel: You did say that we are waiting for meshes that are covered. We published in 
Annals of Surgery two months ago an experimental study with the Sepra mesh, which 
seemed to induce less adhesions. Do you have any experience with the Sepra mesh? 

Schumpelick: Yes, we have experience, but I am not convinced that it works. The 
covering is a problem of how long it has to stay there. The coating we investigate is 
not Sepra film or things like that. We think about TGF or other factors influencing 
wound healing and tissue ingrowth, or coating with antiinfectious substances. Initial 
results of experimental study have already shown that it works. Concerning Dr. 
Kukletas’ lecture, I want to make a remark. I think we have been too long on the 
mechanical aspect of mesh materials. Everybody said make them stronger and 
stronger; but this is the wrong way. We should help the body to recover from the 
disease. Hernia is a disease and not just a hole. It is a disease of collagen and there- 
fore in the future we should be able to do something against this collagen disease. 

Kehlet: But what do we have to learn from all this. Do we have to improve the 
technique or improve the mesh to get better results. I think we are escaping from 
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that problem all the time. Furthermore, the Vypro has been on the market for 
7 years but there is not a single randomized trial available to document that these 
hypotheses are true. 

Schumpelick: Well, we are not a company. I am only interested in promoting the 
topic of mesh a little bit more. We have had a lot of good talks about the basics of 
that topic. You are right concerning the Vypro mesh, but I can tell you, there is a 
study going on of which we have no final results right now; but all experimental 
and clinical data showed that we are on the right way, if we lower the amount of 
material. Furthermore, I think that the past months or the past years have shown 
that everybody nowadays is thinking about mesh materials. There are new light 
weight meshes available and we just wanted to keep the discussion of mesh materi- 
als in mind. 

Bendavid: To change the topic, you mentioned that seroma is a precursor of infec- 
tion. I am not aware of that. 

Schumpelick: Most seromas will vanish, but I have rarely seen infection without a 
seroma beforehand. I saw a lot of infections because of hematoma. Of course, most 
of the patients have seromas without any infection. I agree to that, but I don’t know 
any infections without hematomas or seromas before. 

Deysine: First of all, I would like to congratulate both speakers. I think that we 
should have great hope. I think the discussion today is about how to improve the 
final details of mesh structure. Biologically active meshes are coming. I see an era 
of combination of biological meshes with materials that are strong, and finally we 
are going to have a mesh that is going to mimic the abdominal wall exactly, and 
that is probably going to be the future. 

Schumpelick: I hope so. 

Kingsnorth: I congratulate both speakers. I should just like to give an additional 
comment. 1 think we are all moving in the direction of lighter meshes and I am sure 
that makes sense. Just two things. We should be aware that these meshes do dege- 
nerate and they are going to lose their strength. Secondly, we heard a lot of informa- 
tion about ingrowth; as you said, these patients have a collagen disease and their 
ingrowth is going to be less than in the normal individual. So I think we have to 
be careful using low weight meshes. 

Schumpelick: This is a good comment. Of course we would be on the safe side if we 
did not change anything. But how safe is safe? If there is a patient with a bad tis- 
sue ingrowth it will be bad in low- and heavy-weight meshes also, of course, so your 
remark is absolutely correct. 

Kehlet: I would like to ask how we should assess these new meshes, because from 
what we have heard here in the past 3 days recurrence is not a problem, infection 
is not a problem and chronic pain is no problem. 
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Schumpelick: This is the remark I made yesterday. We have no problems, so why do 
we sit here and discuss. But we have heard a lot about these problems. So they exist 
and we have to analyze them in detail. You should use your study to analyze all this 
in detail. We could learn a lot from that. 

Kukleta: I would like to comment on this also. We talked about it the day before 
yesterday and I think recurrence is probably a technical problem. Infections, I 
have to admit 2000 implantations and I have zero point zero infections. You are 
right Dr. Deysine, I give antibiotics and the first infection will destroy the whole 
statistics. We spoke about pain yesterday. I am sorry to say that we tried to find 
out any patient with pain and we still have no one and as a private surgeon I 
have to know all my patients. Once again: technical problems are in my opinion 
the major reasons for our complications. Of course fixation hurts and unnecessary 
and wrong fixation hurts even more, but this would be no reasons for explanting 
staplers. We know where it is not allowed to put staplers and still harvest staples 
that colleagues put there. I don’t know. Don’t we have any force to stop them 
doing this? Is this just for everybody, this kind of surgery? I think training and 
teaching have to improve. The experts do have better results and this is something 
which is not randomizable. This means training, training, training. Next to the 
quality of the meshes. 

Offner: I would like to come back to the coating process. Has anyone tried to coat 
the meshes with extracellular matrix molecules? Because this would decrease the 
foreign-body response. Did anybody try it? 

Schumpelick: No, we did not until now. 

Offner: Because I just want to warn everybody. If you coat the mesh with, let’s say 
growth factors like TGF-b or b-FGF, you can boost the fibroblast tissue reaction and 
scar formation; but in the beginning we should try to minimize the foreign-body 
reaction. So wouldn’t it be a good idea to coat the meshes with extracellular matrix 
molecules? 

Schumpelick: Good idea. When we started to look at the meshes, there had been 
operated, I think, 36 animals worldwide in all, there was no study. Nobody knew 
why the companies constructed a mesh like this or like that. Coating is therefore 
so far away. Nowadays, the general surgeon is not interested in more animal stu- 
dies like this. For him, the mesh has just to be cheap and simple, he puts it in and 
goes away. But I think that we have a responsibility to think about how we can opti- 
mize meshes. 

Offner: I am just wondering how the plastic surgeons do it using the Dermagraft. 
What is it? Isn’t it a biomaterial with some kind of coating? 

Steinau: There is definitively no really good coating either in Dermagraft or in 
other dermal substitutes. You know, we had had very big problems with breast 
implants as you know from the discussion in the past 6 to 7 years, and there are 
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Still surfaces that are not coated. I do know that there are a lot of laboratories 
working on coating and you can imagine what a big problem it is. We are wor- 
king on a dermal substitute and we are trying to get some of the substances you 
just mentioned, TGF-b and all the growth factors. We should be very careful with 
this. Because what we find in the surrounding of fibrosarcomas are growth fac- 
tors in a large, large quantity and we do not know what will be effect in the tissue 
if we coat it with growth factors. 

Amid: Just to reconfirm what Dr. Kingsnorth said, we have to remember that the 
tissue infiltrating the mesh is not really good tissue. It is the same tissue that built 
out the hernia. And therefore we depend on the integrity of the mesh and we have 
to be sure how little is little. Because eventually that little mesh loses its strength 
and just insufficient scar tissue is left. 

Schumpelick: I agree with that. We should reduce the amount of mesh but must 
stay on the safe side. 

Gilbert: I would like to bring this session to an end with one final comment. Those 
of you in the audience who are looking for randomized prospective trials, those of 
you are the same people who have acknowledged that the experts can use various 
meshes and mesh modifications and still get excellent results. If you really want to 
make an impact as teachers you first of all need to go back and have your students 
and the young surgeons learn the anatomy of the abdominal wall. 
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46 Dutch Guidelines for Inguinal Hernia 



M.P. Simons, P.M.N.Y.H. Go 



Representing the Dutch Guidelines Committee for Inguinal Hernia 

In 1999 the Dutch surgical society was awarded a large subsidy to develop Gui- 
delines for Inguinal Hernia. The guidelines were to be evidence-based. Inguinal 
hernia was chosen, as it complied with certain characteristics: large patient popu- 
lation, discussion on best operative technique, innovative techniques and signifi- 
cant medico-economic impact. Recent publications from the EU trialists collabo- 
ration with an extensive systematic review on treatment of inguinal hernia gave a 
head start. 

Nine surgeons with special hernia expertise worked for 2 years on the deve- 
lopment. They were first trained in evidence-based guidelines development. Pro- 
fessors Grant (author Systematic Review) and Kingsnorth (author English Guide- 
lines) participated in one meeting. Raw data from the EU collaboration were used 
to collect the evidence. The commentary phase was performed on Internet. Dutch 
surgeons could interactively comment on its contents for 3 months. The guidelines 
contain a critical appraisal of literature categorized in different levels of evidence 
on: Indications for Treatment, Diagnostics, Differential Diagnosis, Classification, 
Risk Factors and Prevention, Treatment, Day Surgery, Antibiotics, Thrombosis Pro- 
phylaxis, Training, Anesthesia, Postoperative Recovery, Postoperative Pain Control, 
Complications, Costs, Aftercare and specific aspects of inguinal hernia in children. 

For treatment of adult patients it is advised to use a mesh technique. After weig- 
hing the factors: recurrence risk, safety (risk of complications), postoperative reco- 
very and quality of life, grade of difficulty and reproducibility (learning curve), and 
costs (hospital and societal) the committee advises the Lichtenstein technique as first 
choice for uncomplicated primary inguinal hernia. Laparo-endoscopic techniques, 
for certain indications, can been used by dedicated trained teams. Other mesh 
repairs have not been scientifically evaluated enough to be able to advise their use. 

It is advised to perform operations in day-care and to consider performing them 
under local anesthesia. 

Implementation and effectiveness of the guidelines will be measured by making 
an inventory of all inguinal hernia operations performed in The Netherlands in two 
periods. The first period before implementation (January - March 2001) and the 
second period (January - March 2005) well after implementation. 

The guidelines were presented at the EHS meeting in June 2002 and the Suvretta 
meeting on meshes in St Moritz in January 2003. Its contents were discussed and 
an international committee will hopefully lead the way to promote these Dutch 
Guidelines to international guidelines. 
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X Conclusion 



At the Suvretta Meeting discussion focused on the question whether treatment 
of inguinal hernia should be individualized. Not knowing the long-term effects 
of mesh in young patients, advocates of non-mesh repair stated it might be wise 
to offer the option of Shouldice repair in this category. Also women, with a lower 
recurrence rate, should be candidates for non-mesh repair. There is (scarce) lite- 
rature that even indirect hernia and hernia in women have long-term recurrence 
rates that are unacceptably high after conventional repair. 

All participants agreed that if the surgeon is specialized, probably all techniques 
have excellent results. 

As the guidelines were written for surgeons working in district and training hos- 
pitals, in general practice the advice was to perform mesh repair on all adults. 




XI Conclusion 




47 Panel Discussion: Hernia Therapy in the 
Groin and for Incisional Hernia 



Gilbert: On the proposal that you gave us, you advise the onlay patch Lichten- 
stein repair. I wonder whether it is appropriate to do that if you haven’t in this 
study evaluated this technique against all other open techniques, including the 
plug-and-patch, the double anterior and posterior patch, the PHS, and the lapa- 
roscopic approach. Therefore, is it appropriate for a committee to recommend the 
unilayer anterior patch? 

Simons: The Lichtenstein has been controlled or researched in more than 18 trials, 
a lot of them against open mesh, some of them against endoscopic; but some 
endoscopic versus Lichtenstein trials are ongoing. We don’t have that kind of evi- 
dence on the other techniques, which means that the committee is unable to give 
sound advice on it. We can tell you that on a level-three evidence a lot of techni- 
ques are excellent, but we cannot tell you on a level one. So we are asking people 
to help us in researching this. What better than asking Dr. Muschaweck and your- 
self, who do hundreds of patients a year, to do your own randomized controlled 
trial, which is not an easy thing to do of course, but that would convince commit- 
tees researching in this manner. We need hard evidence that the plug is just as 
good as the PHS and as the Lichtenstein. We do have 18 trials on Lichtenstein and 
that’s why we moved to that technique. 

Gilbert: I think that it is impractical for you to say that people who are doing par- 
ticular techniques and have excellent results are going to alter their technique and 
alter their approach. Perhaps those of us who do this work all the time can con- 
tribute in terms of more basic things and the understanding of the anatomy and 
physiology of the area, and perhaps in that we are of value to this service. It isn’t 
the size of the pore of a mesh that’s going to make for a satisfied patient, it is deli- 
very of a proper surgical procedure regardless of the mesh. 

Schumpelick: I think we should shorten it. We should hold another meeting on 
that. Generally speaking, it is a question of controlled trials in surgery. There are 
no excellent controlled trials on pancreatic resection but we do it. There have been 
some controlled trials on gastrectomy with or without lymphadenectomy and the 
Dutch group say no and the German group say yes to it. That means you can’t 
decide by controlled trials. The problem in hernia surgery is that we have an old 
tradition, we are surgeons dedicated to different methods, but we cannot prove 
that we are good. You can’t change your technique only because of controlled tri- 
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als. Dr. Muschaweck can’t do two methods. The patients come to her because she 
does her kind of operation very well with good results. It’s a general problem and 
I think your instrument is rational and intelligent but not very easy to use in prac- 
tice. That’s the problem. In different fields we have the problem that we have good 
results with some techniques but we must prove it, and afterwards you should 
prove it by comparing it with other methods. We should make our results open, 
make an open control from outside. That would be good. 

Simons: Just one comment. We came here thanks to people like you. Dr. Gilbert. 
This counting is not the appropriate word at all. All your articles are in the guide- 
lines and we read them. Thanks to your techniques we started doing guidelines in 
general practice to see what your technique is worth in the hands of a surgeon 
that does it 30 to 40 times a year. That’s the real world out there. You know, we 
don’t have any specialized clinic in the Netherlands so we have to help the Dutch 
surgeon not to use a Bassini. 

Deysine: I think this is a wonderful discussion. It is telling us how good we are 
because we have all dedicated ourselves to the field of hernia all the time. We can 
all do anything and it will probably be all right; but there is a another world aro- 
und us. They don’t have any idea about what we are discussing today. There is the 
general surgeon who has not been trained specifically on hernias, who does it 
wrong for a long time. So these people do not know what we know. I think the 
challenge that we have for the future is not only to convince each other that we are 
good but to try to convey to the thousands of surgeons who don’t know how to do 
a good repair how to do it. It is very easy to start with the training of the residents, 
they are in our hands. I have been operating in some parts of the world where not 
even the Bassini is done. 

Bendavid: Dr. Simons, you have made a wonderful presentation, but your conclu- 
sion has nothing to do with reality. The Shouldice hospital never performs a Lich- 
tenstein on women and young men, and as you know, the risk is, if I do nothing 
but remove a sac on a woman, she is treated. Now, if you are going to split the canal 
and do a formal Shouldice repair you are increasing your chances of having a recur- 
rence. 

Simons: When I was saying Shouldice I put a question mark behind it. Because is 
it a small Shouldice, what kind of Shouldice? Doing nothing is not good enough. I 
am sure about that. That is the whole discussion on collagen and on trials that sho- 
wed that in the long run these patients recur. 

Kehlet: First of all I would like to thank you. You did a marvelous job. Please remem- 
ber: on one hand you have the experts with almost zero problems and then you 
have the randomized trials with some problems and, last but not least, there are 
population-based studies with a lot of problems. I probably agree with Dr. Gilbert 
that we have to look more in detail for the expert series in some way. I am quite 
critical of them. It disturbs me that we don’t really discuss why don’t we believe in 
it. So I look forward to reanalyzing these experts’ series. Could it be by some inde- 
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pendent observers or what is really improper? Why don’t we believe in it? We should 
have more of these experts’ series and find out what they are really doing. 

Simons: So send all the patients to the experts. 

DeBord: Over the last 3 days I have heard several times a comment that I just don’t 
agree with: and that is that in private practice you can’t do randomized trials. I 
think this is absolutely untrue. If you want to do randomized trials it may take 
some work, you might have to hire a nurse to monitor and do the follow up with 
you, but there is absolutely no reason that a dedicated scientific private prac- 
titioner cannot do randomized trials. In fact, they probably have the best relati- 
onship one to one with their patients, the patients trust them, they are coming 
there, you sit down and explain that we don’t know the answer to this question 
and that we are looking at two different alternatives. I think they will accept that. 
We randomized patients into a North American private trial. That was even 
more difficult, because it wasn’t this operation versus this operation, it was an 
operation versus medical management, which most of us didn’t believe in. But 
that trial proved to the world that carotic surgery was beneficial. I think that 
those practitioners who have thousands of patients are the perfect pool for ran- 
domized trials. 

Schumpelick: Theoretically, but in reality there are only a few trials done by pri- 
vate practitioners. The problem is that patients are interested in one kind of ope- 
ration performed by a special surgeon and you can’t change just because you have 
a randomized idea about it. It is very difficult. I agree with that. 

Jeekel: I think your lecture was very good and what you are trying to say is that for 
the average surgeon this is the best treatment. Therefore, the Lichtenstein with 
the mesh is the most easy operation. Just look at the data of the specialists, they 
have wonderful data; but that may be another field, may be another area to study 
and give directions to, give guidelines. But that is then only for the specialized 
centers. I really hope that we are not ending with the specialized centers looked 
upon as having a kind of alternative medicine in their hands. Alternative medici- 
nes are not tested, because they don’t need to be tested. No, they should be tested 
too in a very complete way. Why aren’t those large centers doing randomized stu- 
dies, they can make it too, absolutely. In their own way, of course. So, I have a request 
for those large centers. Do randomized studies. You could help us a lot. 

Gai: I am an advocate of the Lichtenstein technique, but I have a comment to make 
on the problem of maybe some weak points from the Lichtenstein repair. I heard 
specialists for laparoscopic treatment and I think they cannot be so bad. Then, 
thinking about changing my own thing, I must say 20% of my own operations are 
second or third recurrences, so I changed to the laparoscopic treatment for those 
cases, and I am very pleased with it. So what I am missing a little bit is that there 
are open surgeons like Drs. Gilbert, Amid and Muschaweck, so why don’t you try 
a laparoscopic treatment in very difficult cases. I think the problem is that neither 
of the two parts, the open or the laparoscopic surgeons, will accept that the other 
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group has good results in special things. That would be, in my eyes, a kind of tai- 
lored surgery, doing open and laparoscopic techniques, one beside the other. 

O'Dwyer: Innovation is the key to improvement in surgery and we have to have 
innovators. I think a lot of the experts are innovators: that is the first stage. Then 
you need people like me and Dr. Kehlet to take that on and look at it in clinical 
trials, to determine whether their innovation is something that the average surgeon 
can do. But we have to have innovation. Innovation in meshes, innovation in prac- 
tice. This is really important. 

Gilbert: What Dr. O’Dwyer said summarizes this conference. There are those who 
have the ability to do this. If we have contributed anything in terms of innovative 
thoughts, fine. But I would suggest, when you read articles that I or anyone else 
writes, don’t look at the techniques, look at the ways of why they have been used. 
The spaces, the protection, the anatomy, the basic reasons that these things are 
working, that is the essence of those articles. It is not so much the materials that 
are the critical factors. 

Le Blanc: Just briefly. I think, knowledge is power. I myself have just completed a 
double blinded randomized trial in private practice. So it can be done. Concer- 
ning the guidelines, I think we have to be careful, because in the US, if we had 
such a system of guidelines and a surgeon chose not to follow these guidelines, 
he would simply go to the Internet, find something else and would use one against 
the other. So guidelines are going to be very difficult to implement. They are 
great from an academic standpoint, but practically speaking it will be very diffi- 
cult. 

Simons: I should just like to say that there is only one thing that is really, really 
sad, and that is, that we are more than 30 surgeons talking with each other and I 
wish that 2000 surgeons were here listening to this excellent discussion. So, I thank 
you very much for your input. Thank you. 

Schumpelick: Yes, I think it was a good discussion: I was member of the guideline 
committee in Germany 3 weeks ago and we had an absolutely different result. That 
means, guidelines must be an open continual discussion. 

Deysine: Just a comment concerning clean surgery; a lot of randomized studies 
have been done. The orthopedic literature is already full of excellent studies 
devising how to prevent infection. They have done a great job and could lower the 
infection rate tremendously. I was walking through the countryside in Switzer- 
land and I saw an animal; I asked a child: what is this animal, and he said, that’s 
a cow. So I said, do you have a randomized study proving this hypothesis? So, this 
is evidence in the literature. I don’t think that we really have to invent the wheel 
again. When the orthopedic surgeons started to do hip replacement, they had 
infection rates of almost 20%. Then they worked very hard using everybody, 
including microbiologists, and now they have reached less than 0.1% infection 
rate. 
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Schumpelick: I would like to bring it to the point. You made your comment after 
your talk, you said, if someone has a mesh and goes to the dentist, he needs pro- 
phylactic antibiotics. 

Deysine: Yes. 

Amid: I would like to make a remark. At the clinical level, the currently available 
meshes are completely satisfactory. Therefore, we should give first priority to the 
technical aspect of hernia repair and teaching and second priority to developing 
new meshes and using the new meshes after they have passed the test of rando- 
mized studies and the test of time similar to our current meshes, which is at least 
4 years. 

Schumpelick: Is that the reason why you developed the dome-shaped mesh? 

Amid: That has nothing to do with the mesh. You are talking about the chemical 
and the structural alterations. 

Schumpelick: Yes, but dome-shaped is structural. 

Amid: No, it has been an integral part of the operation from the beginning. 

Schumpelick: OK, let’s change topics. Concerning sarcoma formation, we heard that 
there is no sarcoma formation in humans, but we saw sarcoma formation in rats. 
So we closed the book, but we should not put it too far away. What do you think? 

Ojfner: I think we cannot say that we have seen true sarcomas in the animals. We 
have not shown that the meshes are responsible for the tumors and that would be 
the final proof of malignancy. 

Schumpelick: That is totally right. Concerning prophylactic antibiotics: did we dis- 
cuss the use of prophylactic antibiotics at the operation? 

Deysine: I use a cephalosporine of second generation one shot about 1 hour before 
operation. 

Schumpelick: Let’s ask the auditory. What do they do? 

Amid: Could you break it down to inguinal and incisional hernia? 

Schumpelick: Well, inguinal first. OK, it seems that most of us don’t use antibiotics 
in incisional and inguinal hernia. 

Gilbert: In terms of being able to contribute something to evidence-based medicine 
some years ago we did a study which we reported last year, which had over 2000 
patients done by 64 surgeons, and it dealt with whether mesh and antibiotics in 
primary and recurrent hernia and whether there is a difference when you mixed 
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this group up, regardless of what technique was used. The finding was that it did- 
n’t make a difference whether you use an antibiotic or not in recurrent or primary 
hernias with mesh or without mesh until the patient reached the seventh decade 
of life. Is there anybody in the audience who would argue that the immune systems 
of the human decrease when he gets older? Infection goes up in any operation that 
you do when people get older and it seems to be in the seventh decade of life. So I 
had one hand up and one hand down. We have used perioperative antibiotics in 
the patients in the 60 and older group. 

Schumpelick: I would like to conclude that. The minority in this auditory takes 
antibiotics. That would be a good field for another randomized trial. So, what do 
you think: are mesh repairs able to eliminate recurrences? 

Amid: In my opinion, any mesh hernia repair, Lichtenstein included, if it is done 
correctly can wipe out recurrence. 

Schumpelick: Does that mean that a correctly performed Lichtenstein procedure 
will never have a recurrence? 

Amid: Never say never. All of us can make technical mistakes. I said »done correctly«. 
Schumpelick: Another comment? 

Jeekel: I might agree with Dr. Amid in the sense that in our randomized study 
within the Lichtenstein group there was one recurrence and that was probably 
because a surgeon with a hangover put in a Vicryl mesh. 

Schumpelick: But we know from every study that there are recurrences using the 
Lichtenstein technique. You must agree with that. I think it is not a problem of the 
method, the method is excellent, it is a problem of collagen disease and the disease 
behind the repair. I am not convinced that any mesh, big as it may be, can wipe out 
recurrences. It can lower the risk, but not wipe it out. 

Amid: If the whole area of the groin is covered by a mesh, than how can you have 
a recurrence? You cannot have a recurrence through the rectus muscle, you can- 
not have a recurrence through the groin hernia abdominal muscle. I mean, it can 
happen, but it is very rare. 

Schippers: Dr. Amid, please remember there are recurrences even after Stoppa 
repair. 

Schumpelick: My experience. 

Kehlet: I want to support Dr. Amid. Last year we published the world’s largest series 
of recurrences after Lichtenstein in a general nationwide study together with Swe- 
den and it was because of technical mistakes. 
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Gilbert: I, too, would agree with what Dr. Amid said, that when a Lichtenstein 
operation is done properly as he described it for inguinal hernias, it should be 
basically recurrence-free. But, if it is done properly and given time, there is 
concern about leaving the femoral area exposed, and it was this concern that 
made the bilayer patch or the laparoscopic approach a more inclusive thing, 
given the course of time. If the patient who has a Lichtenstein operation has 
only a short life period and an intact femoral hernia, that would be good for the 
rest of that individual life; but if the patient is much younger and has a Lichten- 
stein repair he has a much larger chance of exposure for hernia in the femoral 
area. 

Amid: At least remember that I did not focus on Lichtenstein only. I said any mesh 
repair. 

Simmermacher: Although I like everybody here in the room, I think the discussion 
is now going in the wrong direction, because the take-home message should be 
that the mesh is not a guarantee for a recurrence-less repair. If the people outside 
this room are going to think mesh means no recurrence, then this conference would 
not be good. 

Schumpelick: You are absolutely right. 

Nyhus: Someone mentioned the business about small inguinal hernia type one and 
two where there is an indirect hernia in children and babys and in adults where 
you have a type two, that it is suggested that you do a Shouldice repair or, as Dr. 
Amid would, a Lichtenstein repair. I would like to make an analysis of our group. 
Do you agree that it is a kind of overtreatment in such cases? 

Bendavid: It seems that everybody is using the Shouldice repair, but in fact it 
does not apply to femoral hernias, it does not apply to infants, it does not apply 
to women, it applies to an adult with an indirect or direct hernia, but it should not 
be applied to children, it would be overtreatment, the same thing in females, again 
overtreatment. Just like a mesh, it would be overtreatment. 

Schumpelick: So, ladies and gentlemen. Last but not least, I would like to thank you 
participating this meeting, for the lively discussion and I would like to say thanks 
to my crew. 

Nyhus: I would like to say the last word. I had known about this conference before, 
but I was a little hesitant to say yes to coming. I am thrilled that I was asked and 
was able to come because I think it is very special what you are doing. Prof. 
Schumpelick. We hope that your health will remain good and that you will conti- 
nue this special review of our beloved subject, hernia. 




Appendix: Questionnaire 

Personal Opinions and Practice of Hernia Repair, 29 Participants 

Total number of operations actually performed/year (all participants) 

Inguinal hernia 9295 
Incisional hernia 1390 



Percentage of operations actually performed/year 



Inguintl hernia 




Incisional hernia 


Lichtenstein 


35.3% 


Sublay 


67.8% 


Shouldice 


22.4% 


Onlay 


7.1% 


TAPP 


14.3% 


I POM 


19.4% 


TEP 


10.2% 


Others 


5.7% 


TIPP- Rives 


1.6% 






Stoppa 


0.5% 






Wantz 


0.6% 






Grid iron - Ugahary 


0.4% 






others 


14.7% 







Type of mesh actually used 





Inguinal hernia 


Incisional hernia 


Polypropylene (Marlex, Atrium, Prolene) 


67.6% 


44.4% 


Low- weight Polypropylene (Vypro,Ti-Mesh) 


26.5% 


17.8% 


Polyester (Mersilene, Parietex) 


5.9% 


11.1% 


ePTFE (Dual Mesh, GoreTex) 


0% 


26.7% 



What kind of mesh should be used in the intraabdominal position? 





Hiatal hernia 


Indsional hernia 


Polypropylene (Marlex, Atrium, Prolene) 


23.8% 


13.3% 


Low-weight Polypropylene (Vypro,Ti-Mesh) 


19.0% 


20.0% 


Polyester (Mersilene, Parietex) 


0% 


3.3% 


ePTFE (Dual Mesh,Gore-Tex) 


57.2% 


63.4% 
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Which kind of mesh structure do you prefer? 



Monofilament 


89.7% 


Multifilament 


10.3% 


Low weight 


75.0% 


Heavy weight 


25.0% 


Small pores 


19.2% 


Large pores 


80.8% 


Elastic 


92.3% 


Stiff 


7.8% 



Do you think that operations performed without any technical failures are able to eliminate the 
recurrence in all cases? 

Yes 24.1% 

No 75.9% 



Have you ever explanted a mesh sample? if yes, for what reason? 



Recurrence 


55.2% 


Chronic pain 


58.6% 


Infection 


79.3% 



Is there any prophylactic use of meshes imaginable? 

Yes 82.1% 

No 17.9% 



Do you think that the structure of the mesh has an influence on: 





Recurrence rate? 


Mesh related complications? 


Yes 


70.4% 


89.3% 


No 


29.6% 


10.7% 



What place does laparoscopic surgery hold in primary hernia repair? 





Inguinal hernia 


Incisional hernia 


Standard procedure 


12.9% 


17.2% 


Alternative in special cases 


54.8% 


69.0% 


No place 


32.3% 


13.8% 
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What place does laparoscopic surgery hold in recurrent hernia repair? 





Inguinal hernia 


Indsional hernia 


Standard procedure 


41.4% 


10.7% 


Alternative in special cases 


51.7% 


71.4% 


No place 


6.9% 


17.9% 



What place does mesh repair hold for repair of: 





Hiatal hernia 


UmbOical hernia 


Standard procedure 


0% 


60.0% 


Alternative in special cases 


88.0% 


40.0% 


No place 


12.0% 


0% 



Do you use antibiotic agents to prevent mesh infections? 

Yes 79.3% 

No 20.7% 



What do you think is the major reason for the constantly high recurrence rate reported by health 



care analyses? 


Poor technical skill 


82.8% 


Insufficient teaching 


58.6% 


Patients biology 


27.6% 



Do you believe that hernia surgery has to be performed just in single specialized centers? 

Yes 20.7% 

No 79.3% 



Have you ever seen any mesh-related complications? 

Yes 93.1% 

No 6.9% 



Do you believe in one single standard procedure or a tailored surgery? 

Single procedure 24.3% 

Tailored surgery 75.7% 
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Are there any limitations (hernia size, location, previous operations) that restrict the use of the 
following mesh techniques? 



Lichtenstein 


Yes 


65.5% 


No 


34.5% 


TAPP 


Yes 


80.0% 


No 


20.0% 


TEP 


Yes 


92.0% 


No 


8.0% 


TIPP- Rives 


Yes 


75.0% 


No 


25.0% 



Do we need guidelines for hernia repair? 

Yes 88.9% 

No 11.1% 



Should mesh repair be combined with a sutured closure of the hernial gap? 



Lichtenstein 


Yes 


60.0% 


No 


40.0% 


TAPP 


Yes 


0% 


No 


100% 


TEP 


Yes 


0% 


No 


100% 


TIPP- Rives 


Yes 


31.6% 


No 


68.4% 



Do we need new mesh materials? 

Yes 92.9% 

No 7.1% 





Subject Index 



abdomen, abdominal 

- compartment syndrome 300 

- transverse muscle 145-148 
-wall 52,145-158 

- - ultrasound anatomy 190, 191 
abscess 189 

- inguinal 415 

- sonography 193 
absorbable 440 
ACE-inhibitor 69 
acetaminophen 309 
acrylacid 128 
adenocarcinoma 284 
adhesion 58 

- adhesiogenesis 229 
-prevention 228-238 

- ultrasound 195 
adipose tissue 37 
adrenalectomy 33 
ap, aging 32,67,69 
airplaning 407 
albumin 162 
alcohol 216 

alcohol-methylsalicylate clearing 199 

alkaloid 69 

alloarthroplasty 323 

alpha- 1 antitrypsin 64 

amino acid 67 

amniotic membrane 231 

amorphous substance 67 

analgesic drug intake, chronic 414 

anaphylactic reaction 130 

anastomotic leakage 32 

anatomy 51,53,54 

anchorage overlapping repair 276 

anemia 32 

anesthesia 6 

- epidural 9, 12 

- general 9, 12 

- local 9, 12 
-spinal 9,12,309 
aneurism 

- aortic 26, 67, 68 



- intracerebral 68 
aneurysmectomy 71 
angiogenesis 82 
angiosarcoma 108 
antibiotic 9 
antibiotics 32 

- antibiotic wound irrigation 221 

- peroperative 222 
antiprotease 64 
antisepsis 208 
anuria 300 

aortic aneurysm 26, 67, 68 
aortic graft 26 
aponeurosis 146 
aponeurotic layer 63 
apoptosis 65 
appendectomy 32 
arcuate line 148 
arrosion 189 
artery bypass 

- femoral-popliteal 136 

- femoral-tibial 136 
arthritis 65 

ASA index 32 
asepsis 208 
asociate specialist 9 
Atrium 430 
augmentation 91 
auto oxidation 120 

bacitracin 221 
bacteria, bacterial 211 

- contamination 32 

- invasion, biology 210 
-translocation 300 
Bard 92 

bariatric surgery 400 
Barrett 284 
Bassini 3 
Bavaria 24 
betadine solution 275 
betaisodona 255 
bilateral hernia 12 
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bile system 33 
bioacceptance 164 
biocompatibility 97 

- long-term 171-173 
biofilm 210 
-detachment 211 
biological problems 26 
biomaterials 91 
biopsy 65 
bioreactor 137 
bladder 413 

- extrophy 308 
bleeding 37 
blockade 

- hypogastric nerve 43 

- ilio-inguinal nerve 43 
blood transfusion 32 
body mass index 32 
Bogros space 53, 367 
bone 136 

bowel, necrotic 408 
brachial plexus 326 
bridging reaction 432 
bursting strength 437 

cadmium 70 
calcification 108, 162 
calcium-channel blocker 69 
Camper j fascia 148 
carbon 91 

carbon dioxide insufflation 380 

carboxyhemoglobin 69 

carcinogenesis, foreign body 254-261 

carciogenetic risk 108 

cardiac output 300 

cardiac risk 6 

cartilage 136 

catecholamines 32, 35 

caudal block 309 

cefazolin 222 

celiotomy 135 

cell 65 

- extrinsic 76 
-parenchymal 81 

- progenitor cell 141 

- stem cell 134 

cellular implantation 135-, 136 

cephalosporin 221 

chemokine 76 

chemotaxis 69, 163 

chest 

-wall 93 

-X-ray 43 

chlorhexidine 216 

cigarette 65,66 

cirrhosis 65 



classification, hernia 4 

clavicula pro humero 324 

cleavage, inter-parieto-peritoneal 368 

cocaine 66 

Cochrane 41 

COLD 32 

collagen 26,210 

- alpha 2 77 
-bovine 223 

- catabolism 81 
-graft 132 
-immature 63 

- intestinal submucosa-derived collagen 
matrix mesh 314 

- maturation defect 63 

- nonpolymeric 64 

- synthesis, molecular regulation 76-80 
-type I /III 26 

-ultrastructure 38 
collagenolysis 67 
collagenous tissue 36 
colon 413 
colostomy 32,291 
co-morbidity 69,399 
complement activation 161 
complications 5, 29 

- cosmetic 69 
-life-threatening 44 

- postoperative 12 
composite mesh 1 06, 440, 443 
Condon, anterior iliopubic tract 3 
congenital hernia 63 
connective tissue 36 

- laxity 66 

- metabolism 26 
consultant 9 
convalescence 45 
Cooper ligament 3 
cord 61 

cork 57 
cornstarch 217 
coronary heart disease 32 
corticosteroid therapy 218 
costal arch 145 
costal cartilage 145 
cost-effectiveness 399 
cotton 102 

C-reactive protein 212 
cremaster 61, 147 
cruroplasty 282 
cutis lacing 275 
cutisplasty 274,275 
cystic fibrosis 308 
cytokine 69, 76 




Subject Index 



471 



Da Silva method 276 
Dacron 91, 136 
Danish Surgical Society 13 
darn repair 111 
database, hernia 13, 14, 17 
decortication 324 
deferens duct 239 
dehiscence 32, 69, 82, 29 1 
Denmark 13-20 
deperiostation 324 
Dermabond 356 
dermatitis, peristomal 291 
diabetes mellitus 32 
diaphragm 137 
diaphragmatic hernia 281-289 
-congenital 314 

- etiology / pathophysiology 282 
-pediatric 314,315 

- mesh-reinforced repair 281-289 

- minimally invasive, technique 285-287 

- traumatic 132 
diathermia 381 
diathesis 57 
diet 75 

difluoromethylene 120 
disablement, temporary 31 
diseases (see syndromes) 
dislocation 439 
displacement, mesh 56 
dissecting balloon 380 
dissection, insufficient 56 
distension, abdominal 82 
diverticulitis 67 
doxycycline 68 
drainage 32,189,417 
-bacteria 217,218 
duration 32 

Dutch guidelines, evidence-based 28, 374, 
375,450-452 
DVT prophylaxis 8 
dysejaculation 61 
dysplasia 284 

ECG 43 

ECMO (extracorporal membrane 
oxigenation) 314 

economical aspects, hernia surgery 41-48 
edema 122 

Ehlers-Danlos syndrome 66 
elastase 67 

- neutrophil 64 

elastica van Gieson (EvG) 255 
elastin 67 

elastolytic activity, enhanced 64 
elastosis, congenital 66 
electrical 



-bilayer 437 

- charge 437 
electrocautery 219 
electron microscopy 63 
electrosurface 162 

ELISA (enzyme-linked immunoabsorbent 
assay) 214 
embolization 52 
embryology 306 
emergency 1 1 
emergency surgery 32 
encapsulation 442 
endothelia cell 75 
enzyme 

- oxidative 70 

- zinc-dependent 65 
epidermis 65 
epigastric artery 146 

epigastric hernia, mesh-free repair 271, 272 

erythrocyte sedimentation rate 212 

esophageal lengthening 283 

esophagectomy 284 

esophagus 136 

ethical regulations 5 

Ethicon 91 

ethylene glycol 91 

ethylglycol 105 

EU Trialist collaboration 20 

eventration 111 

evidence-based medicine 345 

explantation, mesh 413-426 

- indication 415 

- perioperative care 417,418 
-results 418,419 

- technique 416,417 
extrusion 58 

factor XI 164 

factor XII 164 

fallopian tube 311 

falx inguinalis 147 

far and near technique 276 

fascia 

- abdominal 33 

- abdominis superficialis 148 

- cribriformis 54 

- lata 272 

- lumbodorsal 146 

- retromuscular 117 
-Scarpa 148,310 

- spermatic 389 

- subcutanea 148 

- transversalic 20, 53 
femoral hernia 4 

- primary 9 

- recurrence 55, 56 
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- spontaneous 17 
femoral orifice / ring 54 
fetus 136 

fibers 

- diameter 85 

- elastic 67 

- muscular 53 
fibrin glue 135,231 
fibrinogen 163 
fibrinolysis 161 
fibroblast 

- phenotype 77 

- proliferation 69 

- synthesis 63, 64 
fibro-collageneous tissue 228 
fibronectin 82,165,210 
filament 91 

- stucture, mesh 179, 180 
filigree 91 

film 91 

finger-interdigitation 106 
fistula 85,112,175,411 

- enteric 420 

- enterocutaneous 106,326 

- ultrasound 194 
fixation 

- mesenteric 291 

- staple 381 
flexural rigidity 437 
fluoropolymer 120 
folding, mesh, ultrasound 1 94 
Foley catheter 407 

foreign body 4 

- reaction 91, 170-178 

- - pathophysiology / pathology 161-169 
--VyproII 340-342 
four-dimensional structure 53 
Fruchaud's myopectineal hole 367, 370 
full blood count 43 

fundoplicatio, Mss^ti 281 
fungating tumor 319 

gadget 57 
gastropexy 283 
gastroschisis 308 
gastrostomy 283 
Gaupp's corner 147 
gelatin 223 
gender 32 

genitofemoral nerve 61 
gentamicin sulfate 221 
gentomycin irrigation 129 
geographical area 6 
Germany 24-28 
giant cell 123 
Gilbert technique 363 



glenoid cavity 323 
Gore-Tex 91,93,112-117,429 
-Dualmesh 112 

- soft tissue patch 93 

GPRVS (giant prosthetic reinforcement of 
the visceral sac) 3, 366-369 
gram stain 213 
granulation tissue 70 
granulocyte, polymorphonuclear 163 
granuloma 217 

- spermatic 413 
granulomatous cellular reaction 

123, 162 

grid iron technique 364, 370-378 

- Dutch guidelines 374, 375 

- results 373 
-standard 370,371 
groin hernia 3 

- hypertrophied musculature 63 

- mesh repair 320 
growth hormone 82 
gubernaculum 306 
guideline, hernia 20 

- Dutch, evidence-based 28, 374, 375, 
450-452 

gynaecological procedure 402 

haemoglobin 34 
Hageman factor 164 
heart 136 
hematoma 12,29 

- sonography 192 
hemorrhage 33 
hemostat 313 
heparin-like activity 162 
hernia 3 

-bilateral 12,391 

- classification 4 

- congenital 63 

- diaphragmatic 281-289 

- - pediatric 3 1 4, 3 1 5 

- elective 1 1 

- epigastric, mesh-free repair 27 1 , 272 

- femoral 4 

- - primary 9 

- - recurrence 55, 56 

- spontaneous 17 
-groin 3,320 

- hiatal, sliding 281 

- incisional 

-- explantation of mesh 419-421 

- - laparoscopic repair 406-412 

- - mesh-free repair 272, 273 

- - prevention 399-405 

- - risk factors 3 1 -40 

influencing factors, table 32 
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- inguinal 

- - direct 5 

- - indirect 4 

- - pediatric 306-314 

- - primary 9 

- - recurrence 54, 55 

- overlooked 17 

- paraesophageal 1 32, 28 1 
-parastomal 290-299 

- perineal 322, 323 
-primary 389-391 

- recurrence (see there) 

- scrotal 389, 392 

- sliding hiatal 132 

- Spighelian, mesh-free repair 111 

- strangulated 6 

- traumatic diaphragmatic 132 
-umbilical 112 

- - mesh-free repair 111 
--pediatric 314 
herniogenetics 77 
hernioplasty 41 
herniorrhaphy 41 

- infection 207, 208 

- laparoscopic 57 
herniotomy 29 
heroine 66 
Hesselbach 

- ligament 147 

- triangle 330 

hiatal hernia, sliding 281 
hip joint 

- congenital dislocation 66 

- degeneration 421 
histology 135 
homocystinuria 66 
house officer 9 
HSP-70 108 
humeral head 323 
Hunter-Hurler syndrome 308 
hyaluronate sodium 231 
hydrocele 307 

hydrogel dressing 85 
hydrogen cyanide 70 
hydrolysis 120 

hydroxycarbonate apatite (HCA) 133 
hydroxyl ion 65 
hydroxyproline 70 
hypertension, arterial 32 
hypochlorous acid 65 
hypoproteinemia 32 
hypoxia 37,69 

icodextrin 231 
ideal body weight 52 
IgM 163 



ileostomy 32,291 
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